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Control of Cranberry Fruit Worm on Blueberries* 


Cuarves 5S. Beckwirn, Cranberry Specialist, N. J. Cranberry and Blueberry 
Research Laboratory 


The cranberry fruit worm, Mineola ra- 
cinti, Riley, is an economic pest of culti- 
vated blueberries in New Jersey. It also 
feeds on dangle-berries, huckleberries, ap- 
ples, and beach plums as well as on cran- 
berries. There are probably many other 
food plants. It is a very destructive cran- 
berry pest on bogs in Massachusetts where 
it sometimes takes half the crop. It often 
destroys all the crop on a bog which does 
not have ample winter flowage. The fruit 
worm also occurs on cranberries in Wis- 
consin and New Jersey but not in such 
serious numbers. The insect has been cap- 
tured from Maine to New Jersey and in 
the states of Wisconsin, Washington and 
Texas. 

Cuaracter or Ingery ON BiUEBER- 
ries. The newly hatched larva enters a 
blueberry at the stem end and proceeds 
immediately to the center of the berry 
where it eats the seeds and some of the 
pulp. After this is done, it leaves and en- 
ters a second berry, usually one that 
touches the first in the cluster. It may de- 
stroy one or two more berries before at- 
taining full size. The first berry attacked 
is usually small and, as a result of the feed- 
ing, the berry stops growth and dries up. 
The berries attacked later are usually well 
grown and show the injury only by a 
slight malformation and premature color- 
ing. However, the seeds of such fruits and 
much of the pulp has been eaten and ex- 
crement substituted so that the actual 
damage may be greater than seems at first 
to be true. 

The loss of fruit, however, is only part 
of the total injury. The harvested berries 
are packed in ordinary wooden berry cups 
and covered with cellophane. The worms 
become restless on being packed and they 
leave the berries, crawl over the fruit in 
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the package, get out through the corners 
and over the outside of the container. 
They crawl over the outside of the crate 
during transit and in the commission 
house. The buyer of fancy fruit will not 
forgive the presence of live worms in his 
purchases and so the damage to sales may 
be severe. 

It is likely that less than 5 per cent of 
the berries are attacked in the most seri- 
ously infested fields under observation 
and if loss of fruit were the only factor 
involved this insect would not be consid- 
ered economic. After the first picking of 
the earliest varieties, the fruit is almost 
free of the worm and no further damage 
is to be expected. 

SeasonaL History.—The overwinter- 
ing cocoon has never been found in the 
tilled soil of the blueberry field. The infes- 
tation is always much more severe at the 
edge of the field towards a thicket or un- 
cultivated piece of land than it is in the 
middle of the field. It seems likely then 
that all, or a large part of the moths caus- 
ing the infestation fly in from the outside 
each year. This is partly true in cranberry 
bogs where reinfestation occurs promptly 
after a complete control has been obtained 
in a bog well isolated from another in- 
fested bog. 

Moths have been caught in blueberry 
fields as early as May 20 and thereafter on 
every clear evening for a month, the peri- 
od through which the light trap was op- 
erated. From two to six moths were 
caught regularly and at no time was there 
anything to indicate a large flight. Light 
traps are not particularly attractive to 
this insect but it did seem that the amount 
of infestation should reflect itself in the 
number of moths caught. On cranberry 
bogs, the greatest number of moths is 
found early in July and they are present 
throughout this month. It is probable 
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that only a few of the early emerging 
moths go to the blueberry fields. Later on, 
they find other plants, such as cranberries, 
more attractive. 

Wormy blueberries have been discov- 
ered as early as June 12. The incubation 
period on cranberry bogs is five days and 
there is no reason to expect much differ- 
ence on blueberry bushes. If the earliest 
observed moths laid the eggs for the ear- 
liest discovered larvae we can assume that 
the larvae were 17 days old before they 
were easily discovered. 

Bloom in the early varieties of blueber- 
ries occurs from the last of April through 
May in ordinary years. The berries start 
to grow before the last of the bloom drops 
off and the first picking occurs about June 
22. 

Controi.—Arsenicals could not be 
used on blueberries, as the residue prob- 
lem would be too great. 

Handpicking and destroying all wormy 
berries a few days before the regular har- 
vest has been tried for vears and, although 
the infestation in the marketed fruit was 
reduced considerably, the result was not 
completely satisfactory. 

All of the early pickings were fumigated 
with carbon bisulphide thus killing the 
worms in the packages. This is probably 
the most effective method of eliminating 
the injury caused by the insect in the 
sales room but, of course, it does not elim- 
inate the loss of fruit nor the partly eaten 
fruit in the packages. 

Spraying with oil-nicotine and oil-pyr- 
ethrum was tried, applications being 
made on June 4 and again a week later. 
No worms developed on the sprayed 
bushes but the waxy coating on the berries 
was dissolved and it did not reform before 
harvest. As a result the berries were so 
dark as to be unmarketable and the treat- 
ment was not tried again. 

Dusting the fields from an airplane with 
pyrethrum seemed a possibility in killing 
or repelling the adults. Growers were al- 
ready using airplane treatments for Rha- 
goletis pomonella (Walsh) and they under- 
stood the method better than spraying or 
dusting with ground machines. Airplane 
application is particularly advantageous 
as it dusts a large area quickly and allows 
little time for the moths to fly away, as 
they often do when the field is treated a 
row at a time. Two fields were treated, one 
of 20 acres and another of 6 acres, situated 
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about a mile apart with several other blue- 
berry fields about and between with which 
to check the control. The dust used was 
that known commercially as 10 per cent 
Pyrocide and the rate was 30 pounds per 
acre per application. No attempt was 
made to determine a minimum dose. 

The time for the first treatment was set 
at May 25 but this year it rained from the 
25th to the 28th inclusive thus delaying 
the work. It was applied, however, at the 
sarliest opportunity after May 25, which 
was on the evening of the 29th, and again 
one week later. This was not too late be- 
‘ause the growth had been retarded by 
cold weather during all of May. The mean 
temperature of the month was 61.7°, the 
rainfall was 7.46 inches and there were 17 
cloudy and part cloudy days. It is prob- 
able that development on May 29, 1940, 
was no further advanced than that of the 
25th in normal years. 

It was difficult to find a method of 
measuring the difference between the 
treated and untreated fields. There was 
considerable variation from one part of 
the field to the other and we could not 
with certainty select representative 
bushes. Lots of twenty bushes were picked 
out representing the middle and the edge 
of treated and untreated fields. The num- 
ber of wormy berries was counted and 
averaged to number per bush as shown in 
table 1. 


Table 1.—Results of airplane dusting with Py- 
rocide on Mineola vacinii Riley in blueberries. 


Dusten Per 

LARVAE Larvae CENT 
Location rer Busu per Conrron 
Center of fields 18 33 oo 
Edge of fields 33 107 69 


The count indicated much less control 
than there seemed to be on the bushes so 
further study was made to find a more aec- 
curate method of estimating the results. 

It was noted that the harvest from one 
of the dusted fields piled in a store house 
waiting shipment had no worms crawling 
on the sides of the erates, while a like pile 
from an untreated field had the usual 
number. This suggested another method 
of counting the infestation. 

A crate (16 pints) from the other dusted 
field together with a erate from an un- 
treated field was set up surrounded by a 
tanglefoot band and held at room tem- 
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perature 48 hours. All worms crawling on 

the crates or caught in the tanglefoot 

were counted. The results were as follows: 
4 worms crawled out 

_66 worms crawled out 
94 per cent 


Crate from dusted field 
Crate from untreated field 
Indicated control 


These counts seem to be more in ae- 
cordance with the general field conditions 
and were taken as accurate of the control 
obtained. The first counts probably were 
made from too small a sample of the en- 
tire fields. The second count seemed repre- 
sentative of conditions in the entire pile 
of picked fruit. 
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SummMary.— Mineola vaccinii Riley is an 
economic pest of blueberries in New Jer- 
sey. A small percentage of the berries are 
mined and destroyed. 

The live worms crawling over the ber- 
ries and the containers in stores are revolt- 
ing to customers. The danger of sales re- 
duction is more important than the actual 
destruction of fruit. 

Two airplane dustings of 30 pounds of 
pyrethrum each, one on May 29 and the 
second June 6 reduced the number of 
worms crawling on the harvested fruit 94 
per cent.—12-3-40. 


Further Studies of the Relative Effects on Insect Metabolism 
of ‘Temperatures Derived from Constant 
and Variable Sources* 


Tuomas J. Heavier, New Jersey Agricultural Experiment Station, New Brunswick 


Having become convinced that reliable 
data on the reaction of the Aedes aegypti 
development cycle to temperature requires 
the completion of the cycle by about 80 
per cent of all individuals under test and 
having run the three series recorded in 
table 1 in duplicate, involving 200 mos- 
quito larvae in each duplicate run, the 
writer wishes to submit data confirming 
conclusions reached in the first paper of 
this series (Headlee 1940). For the sake of 
clearness, the following explanations are 
given: (1) in each run two boxes, one with 
the controlled variable temperature and 
the other with a constant temperature at 
the exact mean of the variable, each con- 
taining 100 newly hatched mosquito lar- 
vae, were set in simultaneous operation; 
(2) these conditions were maintained until 
all mosquito larvae had transformed to 
adults or died (this constitutes a single run 
and involves 200 mosquito larvae); (3) as 
soon as one run was completed another 
was started and carried out. For each of 
the three series recorded in table 1 two 
duplicate runs were made involving a total 
of 400 mosquito larvae. 

This table amply confirms the following 
statement set forth on page 364 of the 
above reference: “It appears, therefore, 
that the relation of the metabolic effeet of 
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variable temperature and constant tem- 
perature is dependent upon where, in the 
temperature gamut of the particular in- 
sect or stage concerned, this variable and 
this constant lie.” 

The question then arose as to the mean- 


Table 1 


Days Requirep 
FROM NEWLY 
Harcnep To 

Maximem EMERGENCE 


PERCENTAGE OF 
Larvar Reacnine 
AbULT STAGE 


Tempera- Tempera- Tempera- Tempera- 


TeMrena- ture ture ture ture 

TURES Variable Constant Variable Constant 
50°F. to 80°F, 

65°F. 17.7 24.2 91.5 86.5 
60°F. to 

75°F. 15.1 18.7 88.0 85.5 
to 

85°F. 13.5 73.0 


ing of this dependency. It was thought 
that the first step in answering this ques- 
tion lay in learning accurately the meta- 
bolic effects of a series of constant tem- 
peratures covering the insect’s active 
range. Accordingly, the cycle of Aedes 
aegypti from newly hatched larvae to 
adults was subjected to the following se- 
ries of constant temperatures: 46°, 54°, 61°, 
68°, 75°, 81°, 88°, 94° and 102° F. The re- 
sults are set forth in table 2 and graphi- 
cally in figure 1. 
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Table 2.—Reaction of Aedes aegypti to a series 102° = All dead in § days 
96°F * All dead in days 
Days FROM DIFFERENCE IN 
‘Temperature anp Days 
Tempera- Hatrcnep - 
ATURE To ADULT Degrees F. Days . 
29 
7 10 3 
68°F. 19 30 
6 
THR. 15 
7 
SI°F. 11 30 - 
7 1 50 60 70 80 90 /00 
88°F. 10 Temperature in Degrees F 
6 
OFF. 12 Fig. 1.—Curve of Reaction to Temperature for 


d feds ae gy ptt. 


Table 3.—Temperature accumulations from a variable of 60 degrees F. to 90 degrees F. and a con- 
stant of 75 degrees F. for the period of development of Aedes aegypti from newly hatched to adult. 


Drcrers 
Requikep at ReQquikep at 
Ratio or Days Dirrekent Rario or Days DirreReNt 
De- Days Reauinep Requiken To Days Requinep Requikep ro 
GREES AT Duirrerent Days Reqguinep in GREES at Divrenentr Days Reguireo iw Terws 
TeMPeRATURES at 75°F. or 75°R F. TeMPERATURES at 75°F or 75°F 
14.5 5 
- 36.00 79 19.5 12.0 “75 oo 00 
30.0 12.0 
14.5 5 
61 : «75 S7.50 sO 49.5 10 75 a7 50 
29.0 11.5 
14.5 
= 53 X75 39.75 1.31 X75 O8 25 
27.0 11.0 
146.5 
63 = = 557 X75 $1.77 1.34 X75 50 
26.0 10.75 
14.5 5 
or 58 x75 8.50 1.38 «75 
25.0 10.5 
14.5 
65 = 63 X75 5.25 19.5 1.38 X75 103.50 
23.0 10.5 
16.5 
66 = 65 75 $8.75 S35 16.5 1.91 X75 1035.73 
22.0 10.25 
14.5 14.5 
67 70 X75 “75 195.75 
14.5 
68 76 X75 57.50 87 1.45 X75 75 
19.0 10 
18.5 
69 78 X75 58.50 8S ey 1.45 X75 108.75 
18.5 
4.5 
70 “x75 = 61.50 «75 105.75 
17.5 10.25 
16.5 
71 85 &75 63.75 14.5 “i 1.38 10850 
17.0 10.5 
5 2,550.02 
6.5 
14.5 7% Variable 2350.02 degree 
73 X75 69.75 ariable summary — 2,350.02 degrees 
15.5 24 
15 Exposure time for each degree = 0.8 hours 
15.0 Accumulation of hour degrees in 24 hours 2,350.02 *0.8 
1.880.016. 
75 ~ 1.0 x75 75.00 1.880 016 
14.5 Accumulation of day degrees in 24 hours oa 78.334. 
76 16.5 1.086 X75 79.50 Accumulation of day degrees in 15.1 days = 1,182.3 Thermal 
13.6 Constant 
Constant summary 2475 = 1,800 degrees. 
14.5 5 rach degree in 24 | i} 
77 a 1.11 X75 83.25 Exposure time for each degree in 24 hours ts our. 
13.0 Accumulation of hour degrees in 24 hours = 1,800. 
45 Accumulation of day degrees in 24 hours =75 a 
738 0s pb 1.16 X75 87.00 Accumulation of day degrees in 15.7 days =1,177.5 Thermal 


12.5 Constant. 
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Naturally, with a knowledge of past 
work on the thermal constant, it was first 
in order to see whether this difference in 
the relative effect of variable and constant 
temperatures (table 1) was not really due 
to a difference in the speed of accumulat- 
ing the thermal constant. With the data 
of table 2 and figure 1 material was at 
hand for calculating the accumulation of 
the thermal constant. Of the three series 
in table 1 the second was the only series to 
lend itself to calculation because in the 
first series the low point of the variable 
fell degrees blow the beginning of the sig- 
moid and in the third series the high point 
of the variable was destructive to the de- 
veloping larvae. Attention was accord- 
ingly concentrated on the second series 
and calculations were undertaken. The 
following steps were involved in the eal- 
culations: (1) all temperatures in the vari- 
able range were reduced to their value in 
terms of the constant; (2) summation of 
these adjusted temperatures was then 
made; (3) this summation was then re- 
duced to hourly degrees of exposure. The 
further manipulations are self-explana- 
tory. 

Calculations of the second 
namely, the series ranging from 60° F. to 
90° F. with a constant at 75° F. were 
carried out and the results are set forth 
in table 3. 

Table 3 shows the steps taken and de- 
velops a thermal constant which exhibits 
a variation of 4.8 day degrees or 0.4 per 
cent. 

Having the sigmoid curve for Aedes 
aegypti and being able to locate the 
straight-line, top and bottom sections it 
was decided to make runs allowing the 
variable to cover the entire straight-line 
section. This represented a range from 68° 
F. to 81° F. with a constant at 74.5° F. 
Two separate runs, each involving 100 
larvae for the variable and 100 larvae for 
the constant, were made. These runs were 
duplicates in all respects except chronol- 
ogy. As soon as the first run was finished 
the second one was begun. 

The variable required 13 days and the 
constant 14.5 days for completion of the 
cycle. Eighty-nine per cent of the mos- 
quitoes in the variable emerged as adults 
and 83 per cent emerged in the constant. 

Calculations of these runs were then 
undertaken. The results are set forth in 
table 4. 


series, 
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This table shows the steps taken and 
develops a thermal constant differing by 
18.54 day degrees or 1.8 per cent. 

Thus two groups of thermal constants 


Table 4.—Temperature accumulations from a 
variable of 68 degrees F. to 81 degrees F. anda 
constant of 74.5 degrees F. for the period of de- 
—a of Aedes aegypti from newly hatched 
to adult. 


Decrees 
REQUIRED AT 


Ratio or Days DirreERENT 


Dr- Days Requirep Reaquirep To ‘TEMPERATURES 
orers at Dirrerenr Days Requirep in 
F TEMPERATURES AT 74.5°F. or 74.5°F. 
14.75 
68 T7X74.5 = 57.36 
19.0 
14.75 
9 - X74.8 = 
6 18.5 79 X74.5 58.85 
14.75 
70 «74.5 = 62.58 
17.5 
175 
71 86X74.5 = 66.07 
17.0 
14.75 
— \89X74.5 = 66.90 
16.5 
14.75 
73 - .93X74.5 = 69.28 
15.5 
4.75 
15.0 
14.75 
75 = 1.01X74.5 = 75.26 
14.5 
6 - 1.08 = 80.46 
‘ 13 6 4 . 
14.75 
77 1.13 &74.5 = 84.18 
13.0 
78 2 1.18X74.5 = 87.90 
ae 12 5 ‘ = 
79 = 90.89 
12 0 ‘ = 
18.75 
80 1.28X74.5 = 95.36 
14.75 
= 1.34 X74.5 99.83 
11.0 


Total 1,065.31 


Variable summary— 1,065.31 degrees. 


24 
Exposure time for each degree is” 
Accumulation of hour degrees in 24 hours 1,065.31 1.84 
1,960.17 


.84 hours. 


1,960.17 
24 


Accumulation of day degrees in 13 days =1,061.71 Thermal 
Constant. 

Constant summary—24 X74.5 =1,788.00 degrees. 

Exposure time for each degree in 24 hours is 1 hour. 

Accumulation of hour degrees in 24 hours =1,788. 

Accumulation of day degrees in 24 hours =74.5. 

Accumulation of day degrees in 14.5 days = 1,080.25 Thermal 
Constant. 


Accumulation of day degrees in 24 hours = 81.67. 


are developed by two sets of calculations. 
In each group there is a thermal constant 
developed by the variable and another de- 
veloped by the constant temperature. The 
range in the first is from 1,177.5 to 1,182.3 
while the range in the second is from 
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1,061.7 to 1,080.2. Neither of these varia- 
tions is large enough to be significant. 
When the average of each pair is taken it 
is found that a difference exists in the 
amount of 109 day degrees or 8.1 per cent. 

The writer doubts whether this varia- 
tion is large enough to be significant. The 
trend is obvious and suggests that varia- 
tion in time required for Aedes aegypti to 
complete the cycle is due to the time re- 
quired for the necessary thermal constant 
to accumulate. 

More light will be thrown on this mat- 
ter when the top and bottom of the sig- 
moid are examined in a similar fashion. 

SUMMARY AND CoNncLUSIONS.-Con- 
tinuance of the studies of the relative ef- 
fects of temperatures from constant and 
variable sources on insect’ metabolism, 
dealing in particular with .fedes aegypti, 
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utilizing controlled variable temperatures 
and constants run at the average of the 
controlled variables, the following con- 
clusions are reached: (1) the general con- 
clusion set forth in the preceding paper 
that the relative effect on insect metabo- 
lism of temperatures drawn from variable 
and from constant sources is dependent 
upon where in the gamut of the insect’s 
normal temperature reaction these con- 
stant and variable temperatures lie is con- 
firmed; (2) that the present work above 
reported indicates that the underlying and 
governing factor of such differences as 
exist in the variable and constant temper- 
atures is the accumulation of the required 
amount of temperature, regardless of 
whether the temperatures question 
come from constant or variable sources. 
11-30-40. 
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Comparative Density of Mosquitoes at Ground Level and at 
an Elevation of Approximately One Tlundred Feet* 


Donato MacCreary, University of Delaware, Newark 


Considerable literature exists on the 
movement of insects by wind currents 
both along the earth’s surface and verti- 
‘ally into the upper air. Probably the 
most comprehensive work on collecting in- 
sects at heights varying from 20 feet to 
15,000 feet was accomplished by Glick 
(1939). He made a total of 1,358 airplane 
collecting flights, all of a standardized na- 
ture. Whitfield (1940) studied the prob- 
lem of airplane transmission of insects and 
in addition summarized a large amount of 
literature dealing with the flight range and 
height of flight of various insects. 

The work reported herein was done 
with the thought of obtaining quantita- 
tive data on mosquito abundance within 
the so-called “terrestrial” zone of the at- 
mosphere which is considered to extend 
upward 150 or 200 feet. Two lighthouse 

* Study financed by Purnell funds designated for “Mosquito 
Investigations” and results published as a contribution from the 
Department of Entomology, Delaware Agricultural Experiment 
Station, with the approval of the Director. 

Acknowledgment is made to Captain R. W. Demptwolf, 
Commander, New York District, U. 5. Coast Guard Service, for 


vermission to operate the traps on Coast Guard property. 
Meterological data were made available by the Fenwick Island 


Station. R. L. Mentzer determined a portion of the mosquitoes. 


towers were available for the tests, one at 
Gordon Heights in northern Delaware, 
and the other at Fenwick Island in south- 
ern Delaware, but a few yveards from the 
Maryland boundary line. The Mareus 
Hook Rear Light at Gordon Heights is in 
a suburban area northeast of the city of 
Wilmington while the Fenwick Island 
Lighthouse is in the midst of extensive salt 
marches 0.3 mile inshore from the ocean. 

Procepurr. -New Jersey (vertical 
model) mosquito traps were used to sam- 
ple the mosquito fauna. Two traps were 
placed at each location, one between four 
and five feet above ground as they are 
ordinarily used, and the other near the 
top of the tower. At the Mareus Hook 
Rear Light the upper trap was approxi- 
mately 108 feet above ground level on the 
northeast side. conerete parapet pro- 
vided considerable protection from wind. 
The upper trap at Fenwick Island was 
approximately 80 feet above the ground. 
It was located on the southwest side of the 
tower with no wind protection whatso- 
ever. The traps operated from dusk until 
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dawn and the collection for each day was 
kept separate. If for any reason one of the 
traps did not function, the collection of 
the companion trap for that night was 
discarded in the final summary of the 
data. The period of operation was from 
July 17 to September 15, inclusive. 

at Mareus Hook Rear 
Licutr. An examination of table 1 shows 
that the mosquitoes collected here were 
largely fresh water forms. It will be noted 
that emphasis is placed on the number of 
female mosquitoes captured per night 
rather than on the total mosquitoes, since 
the results of most trapping work are eval- 
uated on such a basis. Fifteen species and 
a number of undetermined Culex were col- 
lected in the lower trap. Eighty per cent 
of the total catch for the period of opera- 
tion was composed of female mosquitoes. 
Aedes rerans Meig., Culex pipiens L. and 
(. salinarius Coq. females, in the order 
named, comprised SL per cent of all fe- 
male mosquitoes caught, and of these 46 
per cent were .f. rerans. 


The number of mosquitoes collected in 
the elevated trap was approximately one- 
seventh of that taken near ground level. 
This difference is also reflected in the num- 
ber of species, since but 10 were obtained. 
Although the common anophelenes were 
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Aerial photograph near Fenwick Island Lighthouse tower with Maryland in the background. 


absent, one specimen of Anopheles barberi 
Walk. was captured which makes this the 
first published record of the occurrence of 
this species in Delaware. A. taeniorhyn- 
chus Wied., Culex restuans Theob., Pso- 
rophora columbiae D. & K. and Orthopo- 
domyia signifer Coq. also were missing in 
the higher trap. Sixty-seven per cent of 
the total collection was comprised of the 
same species that predominated at ground 
level. One half of all females taken were 
A. verans. Nearly six per cent of the total 
females were 1. sollicitans Walk. The pro- 
portion of both C. pipiens and C. salina- 
rius was considerably lower, while the 
percentage of Culex spp. increased. It is 
possible, however, that most of the unde- 
termined Culex spp. were one or the other 
of these species. An unusual feature of the 
collections by this trap was the number 
of males of .1. rerans captured. Practically 
all of them were taken on the nights of 
September 8 and 9, 92 per cent of the total 
for these two nights being of this sex. On 
the same dates, the males collected in the 
lower trap were only 24 per cent of the 
total. 

Of all the female mosquitoes collected 
in the two traps 3.3 per cent were taken at 
the higher elevation. A further comparison 
between the relative collections is made in 
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Table 1.—Summarized records of mosquito trap collections, Gordon Heights, Delaware, 1940. 


Grounp Levex Trap Tower Trapt Femaces 
COLLECTED AND 
Number Collected Per Cent Number Collected Per Cent Per Centr 
TAKEN IN 
on All Of All UPPER TRAP 
Females Females 
SPECIES Males Females Total Females Caught Males Females Total Females Caught Total Per Cent 
Anopheles 
punctipennis 1 27 28 1.1 27 
quadrimaculatus 1 15 93.3 14 
crucians 2 2 100.0 
barberi 1 1 100.0 1.14 1 100.0 
Aedes 
rerans Sul 1168 1479 79.0 5.9 3538 +4 397 1.1 50.57 1212 3.63 
sollicitans 7 1s 66 5 6 5.74 22 22.72 
cantator 1 1.14 100.0 
taeniorhynchus 1 1 100.0 
triseriatus 1 1 2 2 100.0 2.29 2 100 0 
Culer 
apicalis 10 39 49 79.6 1.5 2 2 100.0 2.29 1 4.87 
pipiens 164 495 657 75.0 19.4 2 5 7 71.4 5.74 408 1.0 
restuans 7 7 100.0 7 
salinarius 61 $06 467 s6.9 15.9 10.54 $15 2.16 
spp. eo 3382 ol 82.8 3.04 3 13 16 S16 345 3.76 
Psorophora 
columbiae 3 3 100.0 
Mansonia 
perturbans 26 26 100.0 1.02 2 2 100 2.29 28 7.14 
U ranotaenia 
sapphirina 1 10 1! 90.9 3 10.0 3.44 13 23.07 
Ortho podomyia 
signifer 1 100.0 
Totals 620 2546 «3166 80.41 100.0 360 +47 19.46 100.0 2633 3.30 


* Less than 0.5 per cent. 
t Height of trap above ground level, 103 feet. 


table 3. During 54 nights of operation the never totaled 24 in any one night. The 
lower trap collected female mosquitoes on average number of females per night of 
42 occasions while the upper trap col- operation was 47.1 and 1.6, respectively, 
lected females in 26 instances. The ground — for the lower and upper traps. 

trap collected 24 or more mosquitoes on at Fenwick 
34 nights and 100 or more mosquitoes on Ligutuouse. “The collection data for the 
9 nights, while the catch of the tower trap) Fenwick Island traps are presented in 


Table 2.—Summarized records of mosquito trap collections, Fenwick Island, Delaware, 1940. 


Grounp Levert Trap Power Trapt Toran Fewaces 
- ( OLLEC TED AND 
Number Collected Per Cent Number Collected Per Cent Pru Crest 
IN 
Of All All 
Females Females 
Spectres Males Females Total Females Caught Males Females Total Females Caught Potal Per Cent 
Anopheles 
punctipennis 12 12 100.0 12 
quadrimaculatus 100.0 = 
erucians ” 1157 1166 8.07 s 
Aedes 
terans 73 359 $32 83.1 2.5 37 > 79 9.34 
sollicitans 5970 os $1.7 S41 Sha | 25.75 
cantator 25 96.0 l s 4 25.0 
taeniorhynchus 109 6003 98.2 $1.77 31 S02 60.57 11.58 
atlanticus 1 1 100.0 
Culez 
pipiens 1 1 100.0 1 1 10000 ° ’ 
restuans 3 3 100.0 l 25.0 
salinarius 7% 447 521 85.58 3.12 107 117 91.5 19.3 
Theobaldia 
melanura l 100.0 100.0 
Psorophora 
columbiae 56 100.0 2 2 100.0 58 3.44 
Mansonia 
perturbans 6 311 98.1 2.12 l 16 17 1.20 S21 4.98 
Totals 145251 97.83 100.0 (S74 96.36 100.0 15649 8.46 


* Less than 0.5 per cent. 
t Height of trap above ground level, 80 feet. 
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table 2. The upper trap at this location 
was approximately 23 feet lower than the 
corresponding trap at the Marcus Hook 
Rear Light. It will be noted by reference 
to this table that 16 species were collected 
at this point. During the 60-day period of 
operation, 14,642 mosquitoes cf which 
nearly 98 per cent were females, were cap- 
tured in the ground level trap. The two 
salt marsh species, .ledes sollicitans and A. 
taeniorhynchus, comprised 84 per cent of 
all females collected and were present in 
almost equal numbers. The only other spe- 
cies recorded in any abundance was .{noph- 
eles erucians Wied., which represented 8 
per cent of the total females collected. 

Kleven species were collected in’ the 
trap at the top of the tower, one of which, 
Theobaldia melanura Coqg., was secured 
only from that trap. The records included 
in table 2 show a considerable difference in 
the relative abundance of the various spe- 
cies captured by the two traps. At ground 
level, the numbers of .fedes sollicitans and 
A. taeniorhynchus were nearly equal, while 
at an elevation of 80 feet, 61 per cent of 
the total females were ledes taeniorhyn- 
chus and but 25 per cent, -1. sollicitans. 
Anopheles crucians represented less than 
one per cent of all females in the tower 
trap, and Culex salinarius provided but 8 
per cent of the total females at the higher 
elevation. Of all the female mosquitoes 
collected at this point 8.5 per cent were 
secured from the trap on the tower. 

In 60 nights of operation, female mos- 
quitoes were taken each night near the 
ground and on 48 nights on the tower 
(table 3). There were 49 nights when the 
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Table 3.—Summary of trap operation at Mar- 
cus Hook Rear Light and Fenwick Island Light- 
house, Delaware, exclusive of September 10, 1940. 


Fenwick IsLanp 
LicuTHouse 


Marcus 
Rean Licur 


Operation Ground Ground 


Averact Numeer or Level Tower evel Tower 

FremMaLes perk Nicut Trap Trap Trap Trap 
Nights operated St of 60 60 
Nights females were col- 

lected 42 26 60 43 
Nights 24 or more fe- 

males were collected BE 0 49 12 
Nights 100 or more fe- 

males were collected on) 0 35 4 
Average females per 

night of trapoperation 47.1 1.6 220.8 22.0 


lower trap captured more than 24 fe- 
males, while such catches were made on 
but 12 occasions with the upper one. On 
35 occasions, or more than half of the 
nights of operation, the catch on the 
ground exceeded 100 females, while in 
four instances only did this condition exist 
with respect to the upper trap. The ground 
level trap averaged 221 female mosquitoes 
per night of operation, while the nightly 
average for the trap 80 feet in the air was 
22 females. 

Tut Fenwick Istanp COLLECTION OF 
SePTEMBER 10.-On this particular night 
a tremendous flight of mosquitoes took 
place. It was of such magnitude that it 
appeared desirable to isolate the figures 
from the totals for the entire period of op- 
eration. The summarized data are shown 
in table 4. Ledes taeniorhynchus was by far 
the dominant species representing 70 per 
cent and 85 per cent, respectively, of the 
total females in the lower and upper traps. 
A. sollicitans was second in total numbers 


Table 4.—Summarized records of mosquito trap collections at Fenwick Island, Delaware, 


September 10, 1940. 


Grouxp Leven Trap 


Number Collected Per Cent 
Of All 
Females 
SPECIES Males Females Total Females Caught 
Anopheles 
crucians 6335 68335 100.0 2.54 
Aedes 
rerans 1382 100.0 58 
sollieitans 5437 «64028-69465 92.2 25.71 
taeniorhynchus 17020 175201) 192221 91.9 70.36 
( ulex 
salinarius $26 1658 1984 83.6 66 
Psorophora 
columbiar 826 826 100.0 
Mutilated speci- 
mens 109 100.0 ° 
Totals 22783 248989 271772 91.6 100.0 


FemaLes 
COLLECTED AND 


Tower Trapt 


Number Collected Per Cent Per Cent 
"TAKEN IN 
Of All Upper Trap 


Females. ————— 
Females Caught Total Per Cent 


Males Females Total 


7 4 91 92.3 .61 6419 1.3 
67 $27 83.0 2.41 1659 =19.71 
S4 SAY 966 91.8 6.50 64910 1.35 
$95 11580 12075 95.9 85.42 186781 6.19 
16 682 698 67.7 5.038 2340 29.14 

826 
109 
669 13555 14224 95.29 100.0 262544 5.16 


* Less than 0.5 per cent. 
t Height of trap above ground level, 80 feet. 
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for each trap. In the average trap collec- 
tion the numbers of .fnopheles crucians, 
Aedes verans and Culex salinarius ob- 
tained in each of these traps, and especially 
in the lower one, would have been con- 
sidered very large, but on a percentage 
basis they were of little importance in this 
collection. It is interesting to note that on 
this one night nearly as many mosquitoes 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 34, No. 2 


fore 4:00 p.m. a westerly shift of the wind 
began which, by 4:00 a.m. on September 
11, had reached north-east. Humidity un- 
doubtedly remained high all day since 
only the 4:00 a.m. reading showed clear 
weather. The late afternoon was misty 
with a thunder squall at 8:00 p.m. The 
weather remained cloudy during the night. 

The conditions outlined above appear 


Table 5.—Meteorological data for Fenwick Island, Delaware, from 4:00 a.m. September 10 to 


8:00 a.m. September 11, 1940.* 


TEMPERATURE 


Date ano Hour IN Decrees F. 


[00 ALM. 


Sept. 10 4 72 
8:00 ALM. 7s 
12:00 NOON 
4:00 Pom. S4 
8:00 PLM. 72 
12:00 MIDNIGHT 7+ 
Sept. 11 4:00 a.m. 71 
8:00 A.M. 74 


BAROMETER 


WIND 
ATMOSPHERK 


READING Direction — Forcet CONDITIONS 
29.44 s.W. 2 Clear 
29.43 SW. 2 Partly Cloudy 
29.42 s.W. 3 Partly Cloudy 
29.45 W. 3 Misty 
29.58 NW. 2 Thunder Squall 
29.64 N.W. I Misty 
29.62 N.E 2 Cloudy 
29.60 N. 2 Cloudy 


* Records from Fenwick Island Coast Guard Station. 
t Beaufort seale: Force 1, (velocity 4-8 M.P.H.) Light air. 
Force 2, (velocity 8-13 M.P.H. 


Slight breeze. 


Force 3, (velocity 14-18 M.P.H.) Gentle breeze. 


were taken in the upper trap as were col- 
lected by both traps during the remainder 
of the period. This collection was unusual 
both in point of numbers and as to the spe- 
cies concerned. .1. taeniorhynchus ordi- 
narily is of little consequence and no com- 
parable catch has ever been taken in Del- 
aware. There were five traps operating 
within a 24-mile radius to the north and 
northwest of Fenwick Island on the night 
in question. The combined totals for the 
only two traps that collected A. sollicitans 
and A. taeniorhynchus were 98 and 70, re- 
spectively, showing that this flight was 
confined to the southernmost portion of 
the state. Certain meteorological data from 
the immediate vicinity were available 
from Coast Guard records and are given 
in table 5. All readings were taken at four- 
hour intervals. From 4:00 a.m. on Sep- 
tember 10 through 8:00 a.m. the follow- 
ing day the recorded temperature was 
never below 71° F. and at noon and mid- 
night on that date registered 84° and 74° 
F., respectively. The trend of barometric 
pressure was upward starting at noon on 
September 10 and continuing through 
September 11 and 12. During the morning 
hours of the 10th a southwest wind was 
blowing with a recorded velocity of from 
eight to 18 miles per hour. Sometime be- 


to have been nearly ideal for mosquito 
flight. A warm and apparently humid day 
was followed by a warm and humid night. 
Parman (1920) suggested that insects that 
are attracted to light are more active while 
the barometric pressure is rising. [t has 
been mentioned that the pressure trend for 
this particular period and for the two ensu- 
ing days was upward. For most of the day 
(September 10), the wind was from the 
direction of the Assawoman Bay marshes 
in Maryland while the wind direction ree- 
ords from 4:00 p.m. on indicate a shift to 
the west. Northwest winds from the diree- 
tion of the Little Assawoman Bay in 
Delaware were blowing, apparently, from 
some time before 8:00 p.m. until after 
midnight. In the large marsh areas sur- 
rounding these bays, which are adjacent 
and are connected by a canal, no mosqui- 
to-control work is being carried on at the 
present time. Thus, the traps were located 
within the immediate vicinity of hundreds 
of acres of uncontrolled marsh land. 

Large broods of at least six species of 
mosquitoes were on the wing the night of 
September 10. The various climatic fae- 
tors combined to provide what were un- 
doubtedly ideal conditions for mosquito 
movement with the result that the traps 
collected record numbers. 


April 1941 


Summary. New Jersey (vertical mod- 
el) mosquito traps were operated in pairs, 
one between four and five feet above 
ground and the other at an elevation of 80 
or more feet at two locations within the 
state. At the Marcus Hook Rear Light 
the mosquito fauna was composed largely 
of fresh water forms, while at the Fenwick 
Island Lighthouse the mosquitoes were 
predominantly salt marsh in origin. 

At the first location, the high level trap 
was 108 feet above the ground. The lower 
trap collected 2,546 females distributed 
among 15 species in 54 nights of opera- 
tion, while the upper trap collected 10 spe- 
cies and but 87 females during the same 
interval. Of the total females collected at 
this point by both traps, 3.3 per cent were 
secured from the upper trap. On 42 nights 
females were collected in the lower trap 
while the upper trap caught females on 
only 26 nights. Females in excess of 100 
were taken on nine nights in the lower 
trap. 

At Fenwick Island, the lower trap cap- 
tured 14,325 female mosquitoes represent- 
ing 15 species, while the higher trap col- 
lected 1,334 females distributed among 11 


species. Eight and one half per cent of the, 


total females collected at this location 
were obtained in the upper trap. During 


MacCreary: ALTITUDE AND Mosquito DeENsiItTY 


179 


60 nights of operation the lower trap col- 
lected females each night while the upper 
trap took females on only 43. nights. 
Twenty-four or more mosquitoes were 
taken during 49 and 12 nights in the lower 
and upper traps, respectively. On 35 
nights the lower trap collected more than 
100 females while the upper trap exceeded 
this number on but four occasions. 

An enormous flight of mosquitoes oc- 
curred on the night of September 10 at 
Fenwick Island, the record of which was 
segregated from the final totals. The upper 
trap for this one night collected 13,555 fe- 
males, or approximately 2,000 less than the 
combined collections of both traps over a 
60-day period. The lower trap captured 
nearly 250,000 females. Approximately 5 
per cent of all females collected were taken 
from the trap near the top of the tower. 
Meterological data are presented which 
may account partially for the size of the 
collection. 

At Fenwick Island, the proportion of 
both ledes taeniorhynchus and Culex sa- 
linarius was greater in the total collec- 
tions of the upper trap than of the lower 
while the reverse was true with Anopheles 
crucians and Aedes sollicitans. This condi- 
tion obtained with both the regular collec- 
tion and that of September 10.— 11-15-40. 
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Maintaining Live Cuincn 


When chinch bugs, Blissus leucopterus (Say), are 
taken from their bunchgrass hibernating quarters 
into the laboratory during the winter season, it is 
frequently desirous to keep them alive for several 
weeks for laboratory experiments or for classroom 
use. A considerable number of the bugs will die with- 
in a few days when held at room temperature (70° F) 
or in a refrigerator, unless a condition of high rela- 
tive humidity is constantly maintained and free 
moisture is available for them to replenish lost body 
fluids. When seeking winter hibernating quarters, 
chinch bugs presumably choose the bunch grasses 
because there is adequate moisture and good pro- 
tection at the base of the grasses throughout the 
hibernating period. In the laboratory the bugs re- 
quire the same moisture conditions as are available 
in the field and these may be supplied for them by 
the apparatus described below. 

The cage for housing the bugs may be either a 
two dram, short style shell vial with the bottom 
removed, or any glass tubing of the same length. 


Bucs ror LaBoratory Use 


One end of the tube is covered with bolting cloth 
held in place with “stix” or rubber bands, while the 
other end is tightly closed with a wet cotton plug. 
A wick 6 inches long and one-fourth inch wide, 
made of a double thickness of cheesecloth, is ex- 
tended under the cotton plug into the tube for a dis- 
tance of half the length of the tube. Before the bugs 
are placed in the tube, the wick and the cotton plug 
are thoroughly soaked in water. The tube is then 
placed on a rack over a dish of water with the wick 
extending down into the water. 

The adult chinch bugs held in this apparatus may 
then be stored in a refrigerator with a temperature 
range of 35° to 55° F. for long periods of time, or 
held at room temperature (70° F.) for over a month. 
By sorting the bugs into the required numbers 
needed for experiments or classroom work as they are 
taken from the bunch grasses, and storing them in 
these separate tubes, they are then ready for im- 
mediate use later —3-3-41. 

PuitieC. Stone, University of Missouri,Columbia. 


Major Shade Tree Insects of 1940 


KE. P. and 8S. W. Bromuey, Bartlett Tree Research Laboratories, Stamford, Conn. 


The elm leaf beetle, Galerucella rantho- 
melaena Schr., was exceptionally abun- 
dant and destructive in the northeastern 
states on trees which had not had the 
benefits of sprays in recent years. The rec- 
ognition of this latter point is important 
since the elm leaf beetle is now, as it was 
forty years ago, a somewhat local insect 
and spraying has some effect in limiting 
injury in following seasons. 

Completely or nearly completely 
browned elms were common in the region 
about Boston, in southeastern Massachu- 
setts, eastern and southern Connecticut, 
in a number of Rhode Island cities and vil- 
lages, and coast towns at least along 
Long Island Sound and extending into 
New Jersey. The elms of many Hudson 
Valley localities were also severely dam- 
aged. 

There has been not only a marked in- 
crease in the severity of the infestation, 
but an extension of the work of this insect 
to the trees on the margins of communities 
and in some cases to trees standing in 
brushy fields or swampy areas. There is a 
marked difference between the work of 
earlier years, confined as it was then 
largely to trees on city and village streets, 
and the somewhat general destruction of 
elm foliage in thickly settled areas. The 
general and severe character of the injury 
was particularly marked along the New 
Haven railroad between Stamford, Conn., 
and Mt. Vernon, N. Y. 

The native elm bark beetle, Hylurgo- 
pinus rufipes Eich., has heretofore been 
considered a relatively innocuous species 
limiting its attack to sickly or dying trees. 

Observations in early July on elms at 
Hanover, N. H., disclosed exceptionally 
severe and sudden infestations by this bee- 
tle on individual trees or parts of trees in 
spite of the fact that these elms had been 
given excellent care for a number of years. 
Practically all of them would have been 
rated as moderately healthy to vigorous 
trees. It appears probable that this un- 
usual development was an indirect out- 
come of the severe hurricane damage in 
September 1938 resulting in a general 
abundance of broken and weakened elms. 
This was accentuated in at least some 
cases by the cutting and drawing of wood 


badly infested by this beetle to storage 
yards near the elms which were most 
severely damaged. The affected trees at 
Hanover showed beetles entering the bark, 
even the thick bark of large sized trees, 
and it was stated that earlier it had been 
found that ninety per cent of the trees 
were being attacked by this insect al- 
though not necessarily in great numbers. 
Probably less than five per cent of the 
elms were seriously damaged. Most of 
them were, however, valuable lawn and 
street trees. At this time many of the good 
sized limbs of a large tree were extensively 
mined by the beetles and there were liter- 
ally hundreds of partly grown grubs, the 
latter developing and issuing as beetles 
from late July into September. The abun- 
dance of the pests in badly infested trees 
was indicated by wilting and browning 
foliage in a week or ten days, most of the 
inner bark on eight-inch limbs being de- 
stroyed when the grubs were half grown. 
The trunk of one elm five feet in diam- 
eter was badly tunneled by beetles and 
grubs. 

This unusual development was not lim- 
ited to Hanover. A few trees affected in 
the same manner were found in a number 
of nearby New Hiampshire and Vermont 
localities and in each case the injuries were 
rather definitely connected with dead or 
dying trees in the near vicinity. Reports 
of unexplained dying of elms during recent 
years at Woodstock, Vt., suggests in view 
of recent developments that the trouble 
arose through the gradual increase in the 
numbers of this insect and their spread 
from badly infested elms to those in the 
near vicinity. This explanation finds sup- 
port in the conditions noted in Woodstock 
last July. It is interesting to note that ob- 
servations made on elms farther south in 
both Massachusetts and Connecticut 
showed no similar conditions. It appears 
probable that there was a quicker and 
more thorough clean-up and disposal of 
hurricane-injured trees in these latter sec- 
tions than was possible farther north. 

Rearing records from infested wood in- 
dicated a continual adult emergence from 
July 29 to September 10. Clerid bee- 
tles were associated with the infestation. 
An increase of these predators of Scolytids 
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could normally be expected to occur 
where such a concentration of the host 
existed. Energetic artificial control meas- 
ures were necessary, however, to keep the 
bark beetle damage to a minimum. It is 
probable that much more injury would 
have resulted if natural control alone had 
been relied upon. 

Japanese beetle, Popillia japonica 
Newm., has greatly increased in abun- 
dance in southeastern New York and 
southwestern Connecticut, there being ex- 
tensive injury to lawns and serious, 
though distinctly local damage to the 
more favored food plants. 

Early and thorough spraying with ar- 
senate of lead has given good results, 
though in sections where the insects were 
extremely numerous a second application 
was usually necessary. Experiments with 
repellent sprays have not been entirely 
satisfactory due to rains washing off much 
of the material and causing a proportion- 
ate reduction in repellency. 

Tests with rubber emulsions gave good 
adherence and satisfactory repellency un- 
til the rubber film began to crack and erys- 
tallize when slight feeding by the Japanese 
beetle occurred on exposed areas of the 
leaves. 

In limited tests where even small 
amounts of arsenate of lead were used 
with one rubber emulsion, serious arseni- 
‘al injury to foliage resulted. This was due 
to the free arsenic liberated as a result of 
the high alkaline condition of the spray 
mixture. 

The use of lime and aluminum sulfate 
on fruit-bearing trees, shrubs, or vines, 
filberts and others which are either sus- 
ceptible to arsenical injury or in fruit, 1s 
still rather unsatisfactory because of the 
rapid deterioration of the repellency due 
to solution and washing off by rains or 
dew. The development of a completely 
satisfactory Japanese beetle spray remains 
a problem of the future. 

Forest tent caterpillar, Malacosoma dis- 
stria Hubn., has been extremely abundant 
and destructive to sugar maple trees in 
portions of New York, especially in’ the 
Catskills and the Adirondacks, and in 
parts of New Hampshire and Vermont 
during the last few years. In mid-May, 
1940, young forest tent caterpillars were 
found in some numbers in Oneonta, Delhi, 
and Kingston, N. Y., defoliating entire 
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trees in the last named city, probably as a 
result of minor drifting or spreading from 
earlier infested mountain areas. The pests 
were also numerous in the southeastern 
portion of the Catskills, Livingstone 
Manor, Monticello, and Middletown. 

Trees which had been stripped two 
years in succession showed considerable 
dead wood while those defoliated the past 
season were mostly sparsely leaved. The 
more generally stripped maples rarely de- 
veloped a satisfactory amount of fune- 
tional leaves for the remainder of the sea- 
son. This was especially marked in trees 
which have been stripped two years in suc- 
cession and more severe damage was evi- 
dent by extensive killing of the trees. 

An interesting development in certain 
portions of the forest tent caterpillar area, 
particularly in the Livingstone Manor re- 
gion, was the abundance of the Sarcopha- 
gid parasite of Malacosoma disstria, Sar- 
cophaga aldrichi Park., as determined by 
National Museum authorities. These flies 
were so numerous as to become a pest of 
considerable importance. They swarmed 
over livestock, organic matter, exposed 
dishes, drinking cups, and other utensils, 
as well as human beings, and constituted 
a general nuisance. 

Willow leaf beetle, Plagiodera versico- 
lora Laich., is a serious pest in the north- 
eastern states. The continuous feeding of 
adults and larvae through most of the 
growing season soon reduces the vitality 
of the trees and has resulted in the death 
of many unprotected willows. It finds an 
able second in the willow scab—both rela- 
tively new introductions. 

The European pine shoot moth, Rhyaci- 
onia buoliana Schiff., continues as a some- 
what important pest of ornamentals in 
particular since it destroys terminal buds 
or groups of buds and produces a very un- 
sightly condition. The numbers of this in- 
sect were greatly reduced by the extremely 
cold winter of 1933-34. Since then, it has 
been gradually increasing in numbers and 
is now locally abundant and destructive in 
many areas where it was troublesome in 
earlier years. 

The increase of this shoot moth in 
southern New England, New York, and 
New Jersey, has seriously affected the 
hitherto favorable status of the red pine 
as a reforestation, water shed, or orna- 
mental conifer.— 11-15-40. 


Avents for Increasing the Toxicity of Pyrethrum to \losquito 
Larvae and Pupae* 


R. L. Mentzer, F.C. Datau and W. A. 
University of Delaware, Newark 


One of the important contributions to 
mosquito-control work, during recent 
years, was the development by Ginsburg 
(1980) of an oil-pyrethrum larvicide, toxic 
to both larvae and pupae and non-injuri- 
ous to other animals or to plants. When 
tested under field conditions, the advan- 
tages accompanying the application of 
this insecticide were found far to outweigh 
its disadvantages (Vannote & Ginsburg, 
1931). Later, Ginsburg (1935) reported 
its use as an effective means of temporary 
protection for small out-door areas from 
adult mosquitoes. It is now known as the 
“New Jersey Mosquito Larvicide” and is 
widely utilized in mosquito-control opera- 
tions. This larvicide, as employed today, 
is generally prepared according to the 
original formula, substituting, in the in- 
terest of economy and where not objec- 
tionable, a light fuel oil for kerosene. Such 
a combination will be referred to through- 
out the remainder of this paper as the 
“standard oil-pyrethrum larvicide.” 

In the course of an investigation of 
naval stores products as insecticides, 
which has continued for some time at the 
Delaware Station, Pearson (1985) found 
that Varmor Pine Oil was toxic to flies 
(Musca domestica L.), that it increases the 
toxicity (activates) and the repellence of 
both pyrethrum and derris extracts, and 
that it could be safely and economically 
employed in practical cattle fly spray for- 
mulae. Subsequently, Pierpont (1939), 
following a preliminary study of terpenes, 
including the components of pine oil and 
their derivatives, reported that ethylene 
glycol ether of pinene tetirator) 
was an effective activator for both pyr- 
ethrum and rotenone, and that it could be 
safely and economically utilized in com- 
mercial fly sprays. Thanite,t another ter- 

* Study financed partly by Hercules Powder Company Naval 
Stores Research Fellowship funds and partly by Purnell funds 
designated for “Mosquito Investigations” under the superviston 
of the Entomologist, Dr. L. A. Stearns, and results published as 
a contribution from the Department of Entomology, Delaware 
Agricultural Experiment Station, with the approval of both the 
Director of the Station and the supporting company. Sequence 
in authors names indicates approximately their relative responsi- 
bility for work reported herein and completed by them as tem- 
porary employees during the summer of 1940 

t Trade Mark Reg. US. Pat. Off. Thanite—a terpene cyano- 
acyl compound, fenchyl thioevanoacetate, covered by U.S 


Patents 2,209,186 (July 23, 1940) and 2.217.611 (Oetober 8, 
1940), 


pene derivative, the insecticidal possibili- 
ties of which have not yet been completely 
explored, has also shown highly toxic 
properties. 

The demonstrated value of Varmor 
Pine Oil, DADS. Activator and Thanite in 
the fly spray field suggested the present 
study to determine the effect produced by 
including them in the standard oil-pyr- 
ethrum larvicide. The following questions 
naturally presented themselves. First, will 
these several agents when added individu- 
ally to pyrethrum in an oil emulsion of this 
kind increase its toxicity to mosquito lar- 
vae and pupae; and, if so, what quantities 
of each material will produce maximum 
results? Second, if toxicity is thus  in- 
creased, will lesser amounts of pyrethrum 
in combination with any of these agents 
prove as toxic as, or more toxic than, the 
original larvicide? Third, will there be any 
appreciable difference in toxicity to the 
larvae and pupae of house, fresh water or 
salt marsh mosquitoes? Fourth, will any 
of the new combinations prove injurious 
to fish or vegetation? 

Mernops.. A considerable number of 
experimental larvicides were studied 
which were based on Ginsburg’s (1935) 
formula, with No. 2 fuel oil substituted 
for kerosene, and with proportional addi- 
tion of, or replacement in, toxie ingredi- 
ents as suggested by the work of Pearson 
(1985) and Pierpont (1939). 

For preliminary tests, a long series of 
combinations were prepared by adding 
Yarmor Pine Oil, DADS. Aetivator and 
Thanite in varying quantities to three oil- 
emulsions, the first) of which was the 
standard oil-pyrethrum  larvicide. The 
other two were similar, with the exception 
that one contained only 50 per cent as 
much pyrethrum as the standard, while 
the other contained no pyrethrum what- 
soever. With reference to the volume of 
base oil, the percentages for Varmor Pine 
Oil were 10, 15 and 25; for DUDS. Aeti- 
rator, 2.5, 5 and 10; and for Thanite, 1.5, 
2.5 and 5, respectively. The composition 
of the standard oil-pyrethrum larvicide 
and of the five combinations finally se- 
lected for testing is given in table 1. 
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Table 1.—Composition of six mosquito larvicides, expressed in per cent (by volume) for all in- 


gredients, and total cost of each per gallon. 


20:1 Grasselli 
LAnva- No, 2 Pyre- IN-181 Yarmor DAIS. Cost PER 
CIDE For. Om THRUM Paste WATER Pine Oil Activator Thanite GALLON 
No. 1 G44 3.2 0.8 32.1 80.199 
2 G1L.2 $3.2 0.38 32.1 3.2 0.245 
3 57.9 3.2 0.3 32.1 6.5 0.233 
62.7 1.6 0.8 $2.1 3.3 0.172 
j 1.6 0.3 32.1 9.9 0.176 
6 Gtit 1.6 0.3 32.1 1.6 0.214 
*< ompute d from the following prices per gallon as of October, 1940: No. 2) Fuel Oil, 6)¢; 20:1 Pyrethrum Concentrate, $4.75; 


DALS. 


Graseelly IN-TST paste (sodium lauryl sulfate) #2.15; 
t Standard oil-pyrethrum larvicide. 


Laboratory tests, replicated four times 
in most cases and each series with an un- 
treated cheek, were made with larvae and 
pupae of three species of mosquitoes, Cu- 
lex pipiens, Aedes verans and A. sollier- 
tans. Pupae, developed from field-collected 
larvae, were used on the day of, or day 
following, pupation. Fifty larvae in either 
the third or fourth instar or 25 pupae were 
placed in each test jar (6"X8") containing 
2 inches of tap water, for fresh water spe- 
and habitat: water for salt) marsh 
species. Freshly diluted larvicide (1 to 10 
or 1 to 20) was pipetted onto the water 
surface in the amount of 0.87 ce. per jar 
or at the rate of 50 gallons per acre, the 
usual rate of distribution. Mortality 
counts were made 1, 4 and 24 hours after 
treatment, all larvae and pupae totally 
unresponsive to probing being considered 
dead. Water temperatures recorded at the 
same times ranged from 73° to 88° F. 

Field tests, replicated three times, with 
all larvicides at the 1 to 10 and 1 to 20 
dilutions, and including in every case an 
untreated cheek, were limited to .tedes 
sollicitans, using 100 nearly mature Ii arvac 
per test. For this purpose holes (15"X 15” 
*2#") were dug in a salt marsh at three- 
foot intervals and midway between two 
20-inch drainage ditches which were about 
$300) feet apart. cheese-cloth cage, 18 
inches deep and attached to a foot-square 
wooden frame, was suspended each 
hole, with a single wire spreader of the 
same dimensions (12" 12") in the bottom 
to weight down the cloth and to maintain 
a uniform water surface. The larvicides 


Cles, 


were applied at the rate of 4.33 ce. (50 
gallons per acre) using a Vo. 155 DeVilbiss 
nasal atomizer. Mortality counts were 


made 24 hours following treatment. Water 
temperatures, recorded at the beginning 
and end of each series of tests, ranged 
from 73° to 76° F. 


Activator, M151; 


flora) was determined. 


Yarmor Pine Oil, $0.59; and Thanite, $5.50. 


The effect of the larvicides on killifish 
(Fundulus spp.) and also on salt marsh 
vegetation (Spartina patens and 8S. alterni- 
The several ma- 
terials were applied at the 1 to 10 dilution 
and at the rate already mentioned. These 
tests were likewise replicated three times 
using 10 killifish (0.5 in. to 2.5 in. in 
length) per test and foot-square plots of 
the two marsh grasses. 

Toxicity data for both laboratory and 
field tests with the six larvicides under 
study, with the recorded mortality ex- 
pressed on a percentage basis, are sum- 
marized in table 2. 

Discussion oF Resutts.—On the basis 
of pyrethrum content, the sprays under 
consideration constitute two groups. Com- 
binations 2 and 3 contain the same 
amount of pyrethrum as No. 1, the stand- 
ard formula, 5 per cent (with reference to 
base oil content) of DUH.S. Activator being 
added in the case of number 2 and 10 per 
cent of Varmor Pine Oil, in number 3. 
Nos. 4, 5 and 6, on the other hand, con- 
tain half the usual amount of pyrethrum, 
5 per cent of D.H.S. Activator being added 
in the case of number 4, 15 per cent of 
Yarmor Pine Oil in number 5, and 2.5 per 
cent of Thanite in number 6. 

As might be expected, all larvicides at 
the 1 to 10 dilution, when tested in the 
laboratory, proved more toxic to the lar- 
vae and pupae of all species of mosquitoes 
than when used at the 1 to 20 dilution. 

Apparently, the immature stages of 
ledes vexans were more resistant to such 
combination sprays than were those of the 
other two species. 

There were indications that pupae were 
somewhat more susceptible than larvae to 
these materials at the 1 to 10 dilution, 
since a higher mortality was recorded 


when the 1- and 4-hour counts were made. 
Usually, high 1- and 4-hour mortalities 
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Table 2.—Toxicity of six mosquito larvicides, expressed as per cent mortality, at dilutions of 1 to 10 
and | to 20, to larvae and pupae of Culex pipiens, Aedes vexans and A. sollicitans. Results based on 
four tests except where otherwise indicated. 


Aut Turee 


- Fiecp Tests 
A. sollic- 


Larvae 


Dinution Culex pipiens Aedes vrerans A. sollicitans and itans 
OF Larvak Puram Larvae Purpar Larvae Larvae Pupae Pupae Larvae 
LARVICIDE — 
Np Time Average Per Cent Mortality 
Untreated 0.5 0.0 0.0 0.0 20 0.0 
Checks +.0 2.0 0.0 0.0 2.5 2.0 
Larvicide No. 1 
1 Hour 1:10 W.0 56.0 27.0 90.0 54.0 67.0 $1.0 71.0 56.0 
1:20 50.0 33.0 27.0 47.5 27.0 41.5 48.3 42.4 
4 Hours—1:10 78.5 90.0 62.0 84.0 9.0 83.0 76.8 85.6 S1.2 
1:20 S4.5 71.0 43.5 57.0 94.5 0 74.1 59.0 66.5. 
24 Hours—1:10 98.5 98.0 95.0 98.0 99.0 97.0 95.0 97.7 96.75 95 
1:20 9.5 ST.0 80.0 9.0 100.0) 87.0 92.0 91.1 96.0 
Larvicide No. 2 
1 Hour— 1:10 69.0 65.0 35.0 S1L.0 74.0 80.0 59.3 75.3 67.3 
1:20 60.0 48.0 30.7 50.0 $4.5° 17.0 16.4 38.5 40.7 
4 Hours—1:10 96.5 95.0 66.0 100.0 98.0 OS 86.8 96.5 91.6 
1:20 91.0 89.0 56.0 91.0 97.0 66.6 $1.3 82.2 81.7 
24 Hours—1:10 100.0 100.0 100.0 100.0 100.07 97.0 100.0 99.0 99.5 98.3 
1:20 99.0 99.0 100.0 98.0 100.0" 100.0* 99.6 99.0 99.3 990 
Larvicide No. 3 
1 Hour— 1:10 76.5 $4.0 32.5 80.0 71.5 73.0 60.1 65.6 62.9 
1:20 58.5 28.0 80.0 S40 58.5 45.0 $99.0 35.7 42.5 
Hours—1:10 97.0 95.0 53.5 97.0 99.0 770 83.1 89.6 
1:20 S45 SOO 52.6 63.0 983.5 66.6 76.8 69.8 73.3 
24 Hours—1:10 100.0 100.0 100.0 100.0 100.0 98.0 100.0 99.83 99.7 99.6 
1:20 94.0 100.0 100.0 98.0 100.0 95.0 98.0 97.7 100.0 
Larvicide No. 4 
1 Hour— 1:10 61.5 62.0 29.0 76.0 71.5 71.0 51.6 69.6 60.6 
1:20 58.0 382.0 22.7 38.0 58.0 $6.0 SS.6 4.4 
Hours—1:10 86.5 96.0 55.5 88.0 99.0 92.0 80.5 92.0) 
1:20 84.0 74.0 $1.3 50.0 95.0 62.6 76.7 62.2 69.4 
24 Hours—1:10 99.0 100.0 100.0) 100.0 100.0) «99.0 99.6 99.6 99.7 983 
1:20 98.0 97.0 72.0 99.5 96.0 89.8 95.7 92.7 86.0 
Larvicide No. 5 
1 Hour— 1:10 76.0 62.0 27.0 80.0 69.0 76.5 57.5 TIS 65.1 
1:20 65.0 29.0 21.3 30.0 53.5 31.0 $5.9 30.0 37.9 
Hours—1:10 99.3 95.0 9.5 «92.0 92.0 86.0 80.2 91.0 85.6 
1:20 70.0 49.0 51.8 58.0 94.0 71.7) 61.7 
24 Hours—1:10 100.0 99.0 99.0 99.0 100.0) 97.0 99.6 98.5 99.0 9906 
1:20 88.0 93.0 92.6 99.5 96.5 98.4 938.0 93.1 98.0 
Larvicide No. 6 
1 Hour— 1:10 88.0 72.0 35.0 72.0 80.0 TO.0 67.6 71.8 69.5 
1:20 72.0 80.0 25.0 30.0 60.5 41.0 52.5 37.0 44.7 
Hours—1:10 98.0 99.0 57.5 97.0 100.0 80.0 $5.0 92.0 88.9 
1:20 98.0 74.0 59.3 71.0 93.0 55.0 83.6 66.6 75.0 
24 Hours—1:10 100.07 100.0) 100.0) 100.0) 100.0% 99.0) 100.0 99.6 99.8 100.0 
1:20 100.0% 99.0 99.3 97.0 100.0 100.0* 99.8 98.7 99.2 98.0 
* Three tests only. t Two tests only. t One test only. 


the 1 to 10 dilution, especially after 4 and 
24 hours. 

At the 1 to 10 dilution, all of the ex- 
perimental combinations showed a higher 
mortality than the standard larvicide 


were followed by a high 24-hour mortality. 

By reference to figure 1, it would ap- 
pear that the variation in toxicity be- 
tween these several larvicides was more 
pronounced in the case of the 1 to 20 than 
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after 1, 4 and 24 hours, respectively. This 
was also true with the 1 to 20 dilution at 
the end of 24 hours. 

At the 1 to 10 dilution, the final per- 
centages of larvae and pupae killed by 
sprays 2, 3, 4 and 6 varied less than one- 
half of one per cent and slightly exceeded 
that recorded for the standard. 

At the 1 to 20 dilution, on the other 
hand, the final mortality difference be- 
tween sprays 2 and 6 and the standard is 
even more pronounced amounting to as 
much as 8 per cent, with sprays 3, 4 and 5 
still showing a higher efficiency than the 
standard. Moreover, sprays 2 and 6 at 
both dilutions are characterized by ra- 
pidity of kill within 1 and 4 hours follow- 
ing application. 

From the standpoints of both toxicity 
and cost, the combination containing 50 
per cent as much pyrethrum as was in- 
cluded in the standard, and with 5 per 
cent DAIS. Activator added (No. 4), when 
used at the recommended 1 to 10 dilution, 
was definitely the most satisfactory lar- 
vicide tested. The final kill was 3 per cent 
greater than that recorded for the stand- 
ard, while the cost per gallon was approxi- 
mately 3 cents less. 

The results of the field tests confirm 
those obtained in the laboratory. All of 
the experimental combinations at the 1 to 
10 dilution killed a higher percentage of 
Aedes sollicitans larvae than that (95 per 
cent) recorded for the standard larvicide. 
In general, the toxicity shown by these 
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sprays, when used at the 1 to 20 dilution, 
was equally satisfactory. 

No harmful effeet was noted on either 
killifish or vegetation as a result of the 
application of any of the larvicides used 
in the tests. 

Summary. —-Five modifications of the 
“New Jersey Mosquito Larvicide” were 
compared with the standard formula 
(substituting No. 2 Fuel Oil for kerosene, 
a common practice) to determine whether 
or not the addition of either Varmor Pine 
Oil, DALLS. Activator or Thanite would in- 
crease the toxicity of the pyrethrum con- 
tained in such a spray to mosquito larvae 
and pupae. The results of laboratory tests 
with three species of mosquitoes, Culex 
pipiens, Medes verans and A. sollicitans, 
and of field tests with the species last 
named, show that, when any of these 
naval stores products are added to, or re- 
place a part of, the pyrethrum contained 
in the standard formula, a larvicide is pro- 
duced which is more effective than the 
original. From the standpoints of both 
toxicity and cost, the oil emulsion con- 
taining 50 per cent as much pyrethrum as 
is included in the standard, but with 5 per 
cent DUALS. Activator added, when used 
at the recommended 1 to 10 dilution, was 
definitely the most satisfactory spray 
tested. Other combinations showed con- 
siderable promise. No harmful effect was 
noted on either killifish or vegetation from 
the application of any of these larvicides. 
~~ 11-15-40. 
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C. L. Sehroeder, Vice President of McLaughlin 
Gormley King Co., Minneapolis, has been appointed 
General Sales Manager of the Company. 

Mr. Schroeder has been in charge of the sales of 
the Food Products Division of the Company for the 
past four years. He will now also have charge of sales 
of the Company’s Insecticide Division. 

The Minneapolis firm participated in the early 
development of pyrethrum insecticides and is also 
well known in the Spice and Extract Industries. 


Anivoxn, quarantine regulation No. 8, adopted 
February 11, 1941, by the Arizona Commission of 
Agriculture and Horticulture, provides for regula- 
tion of the entry into and distribution within the 
State of avocado shipments. Provisions are made in 
the regulation for the method of treatment and 
certification as a condition of entry 

Avocados entering Arizona are also subject to in- 
spection at destination 


Hatching Response of Aedes sollicitans Eggs under Selected 
and Controlled Environmental Conditions* 


W. A. Conne yt, University of Delaware, Newark 


The salt-marsh mosquito, .ledes sollici- 
tans (Walker), is one of the most impor- 
tant pest mosquitoes of the Atlantic 
Coastal States. Near the beginning of the 
present century, John B. Smith and two 
of his assistants, E. L. Dickerson and H. 
L. Viereck, worked out the details of its 
life history. In their studies, gravid fe- 
males, collected on marshes and confined 
in jars, were observed to deposit eggs on 
moist materials but never on dry ones or 
on the surface of water. Some of the eggs 
hatched within a few minutes, if covered 
by water when they were four days old, 
but some of them did not hatch at the 
first flooding. Smith (1904) concluded that 
the eggs are deposited in any damp place 
on the salt marsh, that they do not hatch 
unless exposed to air for twenty-four hours 
after being laid, and that they may re- 
main dry for as long as three months with- 
out loss of viability. 

Mitchell (1907), writing concerning in- 
vestigations by herself and J. W. Dupree 
in Louisiana, stated that this species 
would not oviposit anywhere except on 
the surface of water. When the eggs were 
not disturbed they would hatch in about 
four months, but agitating them induced 
hatching when they were but a few days 
old. Moreover, they were found to hatch 
even when kept under water continuously 
from the time they were laid. 

Gijullin et al. (1939) reported the hatch- 
ing of as high as 80 per cent of the eggs of 
Aedes vexans, A. aldrichi and A. dorsalis 
in tap water infusions of willow and cot- 
tonwood leaves, while only 2 per cent 
hatched in unmodified tap water. They 
found, also, that hatching was stimulated 
by certain amino acids, and that the addi- 
tion of potassium phosphate to the solu- 
tions of such materials increased their ef- 
fectiveness as hatching stimulants. 

This suggested that the hatching of 
Aedes sollicitans eggs might be controlled 
by organic compounds of plant origin dis- 

* The study reported herein was made by the writer as a 
temporary employee of the Department of Entomology of the 
Delaware Agricultural Experiment Station during the months 
June to September, inclusive, 1940, and the results are published 
asa contribution from that Department with the approval of the 
Director of the Station. The work was financed by Purnell funds 


designated for “Mosquito Investigations” under the supervision 
of the Entomologist, Dr. L. A. Stearns, 


187 


solved in the water cf breeding pools. 

The present study was undertaken, 
therefore, to determine the hatching re- 
sponse of the eggs of this species to plant 
infusions, distilled water, creek water, and 
sodium chloride solutions. In addition, an 
attempt was made to determine the rela- 
tionship between the age of the eggs and 


Fig. 1. 


Oviposition cage and trays, paper cones, 
storage jars and other equipment used in conducting 
the tests discussed herein. 


their ability to hatch, as well as the effect 
on the hatching process of continuous sub- 
mergence, and submergence alternating 
with periods of exposure to air. 

Mernops.—-The eggs used in this work 
were deposited on moist paper in cages in 
the laboratory by Aedes sollicitans fe- 
males which were collected on marshes by 
means of an aspirator. The base of this de- 
vice was an 8-ounce glass bottle, which 
would accomodate about two hundred liv- 
ing mosquitoes. The suction tubes were 
fitted into the stopper in such a way that 
they could be readily transferred to an 
empty bottle for additional collecting. 

In the laboratory, four or five hundred 
of these mosquitoes were released in each 
of the oviposition cages. The cages were 18 
inches square, constructed of glass on a 
wooden frame, and fitted with a cheese 
cloth sleeve. In each cage were five or six 
oviposition trays consisting of small glass 
dishes containing several layers of white 
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absorbent paper which was kept saturated 
by water from an inverted glass vial (Fig. 
1). 

Blood was supplied the mosquitoes once 
a day from one of the writer’s arms, which 
was held inside a cage until all that de- 
sired to feed had been satisfied. 

The eggs were removed from the ovi- 
position trays by means of a spear-shaped, 
dissecting needle, within 24 hours from 
the time they were laid, and placed on 
dampened paper cones. These were made 
from dises of white paper towelling 5 
inches in diameter, by folding them in a 
manner similar to that in which filter pa- 
per is prepared for use in a funnel and se- 
curing the free ends with waterproof ce- 
ment. 

The solutions which were used to flood 
the eggs have already been mentioned. 
One of them, creek water (average chlo- 
ride content 7,000 parts per million parts 
water), was taken from a tidal stream ina 
salt marsh in quantities of a gallon or more 
each week. The amount used for daily 
tests was drawn from this stock supply. 
The salinity of each new lot was deter- 
mined by titration with a standard silver 
nitrate solution. 

The sodium chloride solutions were pre- 
pared in quantities of 5 liters at a time, by 
dissolving a weighed amount of the salt 
in a known volume of water. These solu- 
tions contained sodium chloride — in 
amounts approximately equivalent to 25, 
50, 75 and 100 per cent of that in seawa- 
ter, or 5,000, 10,000, 15,000 and 20,000 
parts chloride per million parts water. 

The ten plants used in preparing the in- 
fusions were selected from those which 
occur locally in considerable abundance in 
four different types of marshes. Of these, 
Spartina patens, S. alterniflora and Dis- 
tichlis spicata are characteristic of marshes 
of high salinity. Scirpus olneyi, Typha 
angustifolia, Spartina cynosuroides and 
Panicum virgatum, are found under less 
saline conditions. Zizania palustris occurs 
in fresh water, tidal areas, while Juncus 
effusus and Cyperus ferax are found in wet 
meadows in the interior. The plants were 
collected about 4 weeks before being used 
and, during this period, were cured out- 
doors on a rack. All species were cut from 
the current season’s growth, while an ad- 
ditional sample of one, S. alterniflora, was 
taken from plants which had matured in 
1939 or earlier and had remained on the 
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marsh sufficiently long so that they had 
become partly decomposed. 

The infusions were prepared by chop- 
ping the leaves and culms of the plants 
into portions about a quarter of an inch 
long, and steeping 1.5 grams of each in 
150 ce. of distilled water at 80° F. for 2 
hours. The residual plant material was 
then strained off through cheese cloth. 
Fresh infusions were prepared each day 
that tests were made. 

The effect of continuous submergence 
was studied by placing day-old eggs in 
glass dishes and covering them with vari- 
ous solutions to a depth of one inch, addi- 
tional amounts of the solutions being 
added from time to time to make up for 
evaporation. 

The eggs which were used in all other 
tests were placed on the paper cones, as 
previously deseribed, and transferred to 
tightly sealed storage chambers, which 
were pint-size, Mason jars divided into 
two communicating compartments by in- 
verted paper drinking cups. In the lower 
section of each was a quantity of distilled 
water which, by evaporation, maintained 
an approximately saturated atmosphere in 
the upper part of the chamber where the 
eggs were kept. 

In studying the effect of short periods of 
submergence in the various solutions. al- 
ternating with different periods of  ex- 
posure to air, a large number of recently 
laid eggs were divided into six groups. 
Groups A, B, and © were flooded for 1 
hour at intervals of 1, 2 and 5 days, re- 
spectively, while groups D, FE and F were 
flooded for 6 hours at 1, 2 and 5-day inter- 
vals. The effect of fourteen different solu- 
tions was tested on eggs in group A, using, 
as in all other cases, three 50-egg repli- 
‘rates for each solution. The flooding of 
this group, and also that of group D, 
started on the day after they were taken 
from the oviposition trays, or when they 
were from 24 to 48 hours old. 

Fight solutions were used in attempts 
to stimulate the hatching of the eggs of 
the other five groups. These included the 
two materials, Spartina alterniflora and S. 
patens infusions, which were responsible 
for the hatching of the highest percentage 
of eggs in group A. The flooding of groups 
B and E began when these eggs were be- 
tween 2 and 3 days old, while those of 
groups C and F were from 4 to 5 days old 
when first submerged. In all cases the pro- 
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cedure was continued until the eggs had 
been flooded 10 times. 

The flooding was accomplished by plac- 
ing the egg-laden cones in small glass 
dishes, each containing 150 ce. of one or 
another of the solutions being tested. At 
the end of 1 or 6 hours depending on the 
group, any larvae which appeared in the 
cones were removed with a pipette and 
counted as hatched eggs. The cones were 
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the plant infusions stimulated the hatch- 
ing of a high percentage of the eggs, but 
this occurred only when flooding of the 
eggs was interrupted by periods of expo- 
sure to air. The results summarized in ta- 
ble 1 show that a hatching stimulant is 
produced in varying quantities from all of 
the plants considered in this study, with 
the possible exception of Juncus effusus 
and Typha angustifolia. 


Table 1.—Per cent of Aedes sollicitans eggs hatching when submerged in several solutions at dif- 


ferent intervals and for different periods. 


Per Cent Harcuep FLoopep 


1 hr. 1 hr. 1 hr. 6 hrs. 6 hrs. 6 hrs. For 
in 24 in 48 in 120 in 24 in 48 in 120) 90 days 
FLOODING SOLUTIONS \ B ID E G 
Infusions of 
Spartina alterniflora® 42 67 65 71 68 0 
Spartina patens* 76 Go of 63 76 6S 0 
Secor pus olneyi* 73 
Zizania palustris* 
Panicum rirgatum* 63 
Distichlis spieata* $S 
Spartina alterniflorat $7 
(Cyperus feraxr* 
Spartina cynosuroides* 25 
Juncus effusus* 12 
Typha angustifolia* 7 
Water from a salt marsh creek 
7.000 parts Cl per million 23 5 t 50 40 39 0 
Sodium chloride solutions 
5,000 parts Cl per million 9 0 $ 20 15 1 0 
10,000 parts Cl per million TD 3 0 33 10 1 0 
15,000 parts Cl per million 6 0 H 22 0 1 0 
20.000 parts Cl per million 2 0 ; 3 0 2 0 
Distilled Water l 0 0 1 4 | 0 
* Prepared from plants which had matured in 1939 or earlier and which had remained on the marsh for several months during 
which time they had became partly decomposed 


+ Prepared from plants cut while in a growing condition in July, 1940, and subsequently cured for 4 weeks on a rack outdoors. 


then rinsed with distilled water and _ re- 
turned to the storage jars. The tempera- 
tures of the flooding solutions were 
approximately the same as that of the 
laboratory, which was held at 80° F. ex- 
cept for a few days when it reached as high 
as 85° F. 

In investigating the length of time that 
the eggs remain viable, one group was held 
in the storage chambers over distilled wa- 
ter for 30 days in a room where the tem- 


4 


perature varied between 75° and 85° F. 
Another group was treated similarly for a 
period of IL months at temperatures 
ranging from 65° to $5° F. These eggs 


were then flooded for 1 hour every 24 
hours in certain of the solutions. 
Discussion OF RESULTs. 


Several of 


When treated with infusions of Spar- 
tina alterniflora and S. patens, probably 
the most common of the salt-marsh plants 
in Delaware, 82 and 76 per cent, respec- 
tively, of the eggs hatched. On the other 
hand, 64 and 35 per cent hatched in infu- 
sions of Zizania palustris and Cyperus 


ferax, plants which grow in areas where we 


ordinarily do not expect to find A. solliet- 
tans larvae. It is apparent, therefore, that 
plants capable of influencing the hatching 
of the eggs are more widely distributed 
than are the known breeding areas of this 
mosquito in this state. 

The maturity or the degree of decom- 
position of the plants may have a consid- 
erable influence on the amount of the 
hatching stimulant which may be ex- 
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tracted in cold water infusions. In table 1, 
group A, it is shown that S. alterniflora 
infusions were responsible for the hatching 
of 82 per cent of the eggs, when they were 
prepared from old and partly decomposed 
plants, whereas only 37 per cent hatched 
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or hydrolysis of the stimulant from plant 
material. 

The salt marsh creek water stimulated 
the hatching of from 4 to 50 per cent of the 
eggs of the different groups. Less than 5 
per cent hatched in distilled water. 


when immature plants were used. It appears to make little difference 
NUMBER OF TIMES Fl 
/ 2 3 4 s 6 7 a 9 / 2 3 4 5S 6 7 3 9 
AGE OF £6685 /N OAYS 
2 3 4 5 6 7 8 9g a0 Wt 2 3s 4 5 6 7 8 wo Wt 
90 
8o + + + + + + +> + 
| 
70 + + + + + + } + + + + = 
Every 24 Hours | 
40 + zo > + + ‘ = 4 
/ / 
40 A + 
4 
Q ole—#=- 
y 
Acé O E665 DAYS 
Fioooro Every 48 Hours, 
/ 
20 
40}- of- + 4 
old. 
OF £665 IN Days 
Q 5S 20 30 40 45 $0 5 7 20 25 30 3S 40 45 $0 
+ + + + + + 4 
Evtry /20 Hours 
Jo +# 
/ 
20 | 
4/0 +f 
W4 


A-— S ALTERN/IFLORA /NFUSIONS 


Fic. 2. 


Rate of hatching of Aedes sollicitans eggs when treated with A 


B-S. PATENS /NFUSIONS 


Spartina alterniflora and B 


Spartina patens infusions. The solid and broken lines represent groups of eggs flooded for one and six hours, 
respectively, at each treatment. 


In most instances, the number of eggs 
hatching in the sodium chloride solutions 
did not exceed 10 per cent, indicating that 
this salt is not a primary hatching stimu- 
lant for A. sollicitans eggs. However, the 
results suggest that it may be an accessory 
substance which aids the hatching process 
or which influences the rate of extraction 


whether the eggs are submerged for 1 to 
6 hours, if they remain on a moist sub- 
strate when exposed to the air. In S. al- 
terniflora infusions, a higher percentage 
hatched in two of the three groups (A and 
€) flooded for 1 hour than in comparable 
groups (D) and E) which were flooded for 
6 hours. On the other hand, when 8S. 
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patens infusions were used, a higher per- 
centage hatched in two groups (E and F) 
flooded for 6 hours than in similar groups 
flooded for 1 hour (Table 1 and Fig. 2). 

Figure 2 shows the rate of hatching of 
the eggs when alternately immersed in 
these two plant infusions and exposed to 
the air on saturated paper. The accumu- 
lated percentages of eggs hatched are 
plotted against the maximum age of the 
eggs at the time of each flooding. It should 
be noted that a few 3-day-old eggs hatched 
at the second flooding, while an equally 
small percentage of 5-day-old eggs 
hatched at the first flooding. From 63 to 
80 per cent of the eggs hatched as the re- 
sult of nine immersions at 1-day intervals. 
The tenth flooding gave negative results. 
In most instances, four immersions at 2 
or 5-day intervals resulted in the hatching 
of from 60 to 70 per cent of the eggs. A few 
more hatched up to the seventh flooding 
and, in one group, eggs continued to hatch 
until the ninth flooding. These results do 
not support the suggestion made by Smith 
(1904) that 50 per cent of the eggs hatch 
at the first flooding and an additional 25 
per cent at the next. 

Eggs that were kept on moist surfaces 
at temperatures between 75° and 85° F. 
for 30 days began to degenerate before the 
end of the period, since, after such treat- 
ment, only 46 and 56 per cent, respec- 
tively, were stimulated to hatch by 
Spartina alterniflora and S. patens infu- 
sions. After 11 months of similar storage 
at from 65° to 85° F. very few remained 
viable, only 6 and 3 per cent, respectively, 
hatching in infusions of the same plants. 
The average moisture content of the paper 
supporting these eggs was 252.1 per cent 
of its dry weight. This was determined 
from the loss of weight resulting when sev- 
eral cones which had been in the storage 
jars for 10 days at 80° F. were dried for 8 
hours at 221° F. and then cooled to their 
original temperature in a dessicator. 

These data may be compared with con- 
ditions on a Delaware salt’ marsh, re- 
ported in an earlier paper (Connell 1940), 
where for the three summer months of 
1939 the surface soils of five plots were 
found to have mean moisture values rang- 
ing from 153.8 to 522.8 per cent of the dry 
weight of the peat and mean temperatures 
at Linch below the surface, varying from 
75° to 80° F. Thus, the temperature and 
moisture conditions under which the 
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laboratory experiments were conducted 
are within the range of those observed in 
the field. This suggests that unhatched 
eggs would be reduced in vitality within a 
month on a marsh, and that only a very 
small percentage could be expected to 
hatch after a year’s exposure. 

SumMary.—Eggs deposited on moist 
paper in cages in the laboratory by field- 
collected Aedes sollicitans females were 
placed on cones of absorbent paper. To 
control the moisture content of the paper, 
they were kept in containers where the 
humidity was regulated. 

The rate of hatching of the eggs in in- 
fusions prepared from a number of plants, 
and in other solutions, was studied by im- 
mersing different groups of eggs in these 
materials for 1-or 6-hour periods every 1, 
2 or 5 days until all had been flooded ten 
times. The infusions were made by steep- 
ing 1.5 grams of plant material in 150 ce. 
of distilled water for 2 hours at 80° F. 

When flooded for 1 hour every 24 hours 
in infusions of plants (Spartina alterniflora, 
S. patens and Distichlis spicata) character- 
istic of highly saline marshes, 82, 76 and 
48 per cent, respectively, of the eggs 
hatched. Infusions of plants (Scirpus 
olneyt, Panicum virgatum and Spartina 
cynosuroides) from marshes of lower sa- 
linity stimulated the hatching of 73, 63 
and 24 per cent, respectively, of the eggs, 
while with Zizania palustris from fresh 
water tidal marshes and Cyperus ferar, 
which grows in wet meadows in the inte- 
rior, 64 and 35 per cent, respectively, of the 
eggs hatched. In infusions of Juncus ef- 


fusus and Typha angustifolia the hatching 


stimulant was present only in small quan- 
tities, if at all, since only 12 and 7 per cent, 
respectively, hatched. 

The hatching stimulant appeared to be 
present in varying quantities in water 
taken from a salt marsh creek (7,000 parts 
chlorine per million parts water) in which 
as high as 50 per cent of the eggs hatched 
in one group. In most instances, not more 
than 10 per cent hatched in sodium chlo- 
ride solutions ranging from 5,000 to 20,000 
parts chlorine per million parts water. It 
is suggested that this salt, although not 
the hatching simulant, may be an acces- 
sory substance which aids the hatching 
process or increases the rate of production 
of the stimulant in the infusions. Less 
than 5 per cent of the eggs hatched in dis- 
tilled water. 
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The results indicated that it made little 
difference whether the eggs were flooded 
for 1-hour or 6-hour periods if they were 
kept on a wet substrate when not sub- 
merged. Those that were kept contin- 
uously submerged, however, failed to 
hatch during a period of three months of 
observation. 

When the eggs were exposed to air while 
resting on paper saturated with moisture, 
between short periods of immersion, they 
began to hatch at the second flooding in 
the case of 3-day-old eggs, and at the first 
flooding if they were 5 days old. None 
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hatched after the ninth flooding, and the 
majority had hatched by the end of the 
fourth period of submergence. 

The eggs began to degenerate within 30 
days when held on a moist substrate at 
temperatures between 75° and 835° F. and 
only a few hatched after 11 months of such 
treatment. The temperature and moisture 
conditions under which the laboratory 
tests were conducted are within the range 
reported previously for the summer 
months of 1939 on a Delaware marsh. 
This suggests that degeneration may oe- 
cur at asimilar rate in the field. 12-12-40, 
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The Lse of Chlorinated Benzenes for the Control 
of Aquatic Midges' 


Herman L. Feviton,? Department of Health, City of New York 


The results of laboratory and field in- 
vestigations and of actual field operations 
using orthodichlorbenzene trichlor- 
benzene for the control of several species 
of midges (Chironomidae) breeding in two 
lakes at the site of the New York World's 
Fair are reported in this paper. 

The nature of the problem, the species 
involved and the methods used and results 
obtained by the control operations during 
the 1939 breeding season were reported 
previously (Fellton 1940). At that time it 
was pointed out that derris powder, while 
extremely effective against the Chiro- 
nomus midges, was not very toxic to the 
Procladius species and mention was made 
of the fact that promising results had been 
obtained in laboratory toxicity tests using 
Procladius larvae and an emulsion of or- 
thodichlorbenzene. 


! This work was conducted as a cooperative project by the 
New York City Department of Health and the New York 
World's Fair Corporation. 

2? The writer is indebted to Dr. John L. Rice, Commissioner, 
and Dr. John G. Grimley, Special Deputy Commissioner of the 
New York City Department of Health and to the New York 
World's Fair Corporation for much counsel and assistance in the 
prosecution of the work, which was conducted under the general 
supervision of Commissioner Rice and under the personal diree- 
tion of Doctor Grimley. 


During the winter of 1989) 1940 further 
laboratory work was carried on, to test 
the toxicity of orthodichlorbenzene and 
trichlorbenzene to Procladius and Chiro- 
nomus larvae. Although the results of these 
repeated tests were fairly variable, mor- 
talities greater than 80 per cent, often 100 
per cent, were obtained in’ most cases, 
applying the toxie agent at rates of fifteen 
to thirty gallons per acre. It was found 
that the orthodichlorbenzene and trichlor- 
benzene were more effective when applied 
alone rather than with varying propor- 
tions of an emulsifying agent such as sul- 
fonated castor oil. Trichlorbenzene was 
found to be somewhat more potent than 
orthodichlorbenzene. 

In the spring, when the water tempera- 
ture reached 50 degrees, a field test was 
performed in a limited area (approxi- 
mately two acres) of one of the lakes, us- 
ing orthodichlorbenzene at a rate of about 
22 gallons per acre. The number of Chiro- 
nomus larvae in the test area before the 
application was fairly small; after the ap- 
plication no live larvae were found. The 
effect on Procladius is presented in table 1. 
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On the basis of these tests it was decided 
to treat the entire midge breeding area 
with orthodichlorbenzene® during — the 
early part of the season, when the water 
temperature was likely to be close to the 
relatively high (48.2 degrees) freezing 
point of trichlorbenzene, and with trichlor- 
benzene later in the season when the water 
temperature would be higher. 

Apparatus.Although both ortho- 
dichlorbenzene trichlorbenzene are 
considerably heavier than water, fine 
droplets of these materials will not break 
through the surface tension and sink if 
sprayed over the surface of the water. 
The droplets remain on the surface and 
may be carried to shore by the wind unless 
a sufficient number of them coalesce 
to form larger drops which will break 
through and sink. In order to have these 


Table 1.—Effect of o-dichlorbenzene on Pro- 
cladius larvae; results of field application at a 
rate of approximately 22 gallons per acre. 


Numper or Larvae 


Before Application 24 Hours After 
Application 

Living Dead Living t Dead 
l 12 0 l 17 
2 2 1 

' “ ‘ 

7 21 2 7 12 
s 1” 2 7 

lt 3 26 
lz 11 1 1 1s 

Total 17 =9.1°7 so 174 =85.3°; 


* Equivalent samples were taken before and after application 
at approximately the same location 

t All larvae which showed any evidence of life were recorded 
as living: the behavior of many so recorded indicated that they 
were quite “sick” and it is probable that a number of them died 
thereafter 


materials reach the bottom in a finely dis- 
persed form, it is necessary to apply them 
below the surface of the water. 

The apparatus used for this purpose 
consisted of a sturdy flat-bottomed row- 
boat, 16 feet long and 6 feet 6 inches wide 
at its widest point. It was propelled by a 
9.2 horse power outboard motor equipped 
with reduction drive. Off each side, ad- 
jacent to the stern, a horizontal boom was 
mounted. This consisted of a piece of two- 
by-four, 6 feet 8 inches long, and contain- 

The use of chlorinated hydrocarbons of low solubility for the 
purpose, among others, of treating water for controlling and 


preventing propagation of contaminating animal, larval and 
microbic life is covered in U.S. Patent 1,996,353, dated April 2, 


1935 and issued to Herman Seydel, Jersey City, N. J. 
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ing two 13-inch holes, 6 feet apart. Each 
boom was attached in a manner that 
would allow it to be swung into the side 
of the boat, when necessary, and was ap- 
propriately braced. 

Toward the bow of the boat a 55 gallon 
drum was mounted in a cradle. Aft of this 


thoard Motor 


Fic. 1.—Diagrammatic representation of sprayer 
used to apply chlorinated benzene for midge control. 


there was installed an Apeo Model D4T, 
bronze fitted, 2 stage turbine pump di- 
rectly connected by flexible coupling to a 
one horse power Briggs and Stratton verti- 
‘al air-cooled 4 cycle gasoline engine. The 
pump contained no rubber fittings and 
was packed with flax-graphite. It had a 
‘apacity of approximately three gallons 
per minute when discharging against a 
pressure of 100 Ibs., operating at 1,750 
R.P.M. The insecticide flowed from the 
drum to the pump through brass pipe as 
shown in Fig. 1. 

Because of the fact that the chlorinated 
benzenes will dissolve rubber, flexible met- 
al lined fluid hose,‘ one half inch in diam- 
eter and capable of withstanding 125 Ibs. 
pressure, was used to convey the insecti- 
cide from the discharge end of the pump 
to the half-inch brass pipe lying on each 
boom. From each end of these pipes, a 
length of quarter-inch brass pipe extended 
downward, through the holes in the booms. 
These vertical pipes were of sufficient 
length to extend about five inches below 
the surface of the water and bore Sprayco* 
flat spray nozzles, size .062, at their lower 
ends. 

The assembly of this outfit, in a general 
manner, is shown in figure 1. Two such 
boats were available. 


‘ Supplied by Spray Engineering Company. 


Brest Pipe Wooden Boom 
p Vaive | y, 
| 
pray Noarie dete. toed Fiuld dese 
| 
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Controt Procepure.—In treating 
each lake, the boats started from a pre- 
determined line, about midway down the 
lake. One worked northward from this 
line and the other southward; each worked 
across the lake, spraying adjacent lanes 
until its area had been covered. The shore- 
line and the areas around and under the 
docks, barges and other obstructions in 
the lakes were then sprayed, using 10 foot 
brass-lined bamboo extension spraying 
rods in place of the booms. The nozzle- 
bearing tips of these rods were moved 
about, under the surface of the water, 
when spraying. There was a two-man 
crew on each boat. 

The orthodichlorbenzene and _ trichlor- 
benzene used were the standard technical 
grades, as used commercially. These liq- 
uids were purchased in drums containing 
approximately 50 gallons each. 

Discussion oF one 
most important treatment, if one can be 
selected, in the control of aquatie midges 
is that made in the spring when the over- 
wintering larvae have become active but 
before pupation begins, since there are no 
eggs or adults of the insects present at that 
time to cause almost immediate reinfesta- 
tion of the breeding place. If this treat- 
ment results in a kill which approaches 
extermination of the larvae present, the 
control problem during the remainder of 
that season will be made much easier. It 
will not be eliminated, however, since in- 
vasion of adults from surrounding terri- 
tory will undoubtedly occur and, due to 
their high biotic potential, the midges 
will soon be breeding again in large num- 
bers. It has been the writer's experience 
that repeated treatment of the breeding 
place jis necessary if the midges are to be 
kept under the rigorous control essential 
in some places. 

The use of orthodichlorbenzene and 
trichlorbenzene in the midge breeding 
areas during 1940 resulted in extremely 
effective control, under the conditions 
encountered. To meet the requirement at 
the fair that the number of midges be kept 
consistently at the lowest possible level, 
the entire breeding area was treated twice 
with orthodichlorbenzene and twice with 
trichlorbenzene, while the larger of the 
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two lakes received an additional spraying 
with orthodichlorbenzene. These treat- 
ments were made at approximately 
monthly intervals. The first orthodichlor- 
benzene spraying was at the rate of about 
25 gallons (275 lbs.) per acre, the second 
at 22 gallons (242 Ibs.) and the third (one 
lake only) at 21 gallons (231 Ibs.) per acre. 
The next two treatments were with tri- 
chlorbenzene at a rate of 16 gallons (192 
Ibs.) per acre. 

Previous to the first treatment, while 
preparing for the use of the chlorinated 
benzenes, derris powder had been applied 
to the lakes. 

The control of the Procladius species 
was of such a nature that adults of this 
group were rarely noted in’ the fair 
grounds. It is believed that if these insects 
only were involved, fewer treatments of 
the lakes would have been necessary. The 
Chironomus species were more trouble- 
some, building up rapidly in the lake bot- 
toms between treatments, but very few 
adults were able to emerge. The blood- 
worms tended to migrate from areas that 
had just been sprayed, particularly to- 
ward the shoreline, which, therefore, 
required careful and thorough spraying 
after the body of the lake had been treated, 
This was especially true when orthodi- 
chlorbenzene was used; trichlorbenzene 
seemed to be much more rapid in its toxic 
effect. 

Summary. —On the basis of promising 
results of laboratory tests and a field trial, 
orthodichlorbenzene and trichlorbenzene 
were used to control Procladius and Chi- 
ronomus midges breeding heavily in two 
lakes within an exposition area. By means 
of specially constructed spraying outfits 
mounted in small boats, these materials, 
used separately, were applied as a_ fine 
spray under the surface of the water. Five 
treatments, at approximately monthly in- 
tervals, were made during the breeding 
season; the first three with orthodichlor- 
benzene at rates of 25, 22 and 21 gallons 
per acre, respectively, and the last two 
with trichlorbenzene at the rate of 16 
gallons per acre. Under the conditions 
encountered, the use of these chlorinated 
benzenes resulted effective control. 

11-15-40. 
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Kffect of a Terpene Ether on Certain Fly Sprays* 


Rocer L. Prerpont, University of Delaware, Newark 


In a report covering a previous investi- 
gation, the writer (Pierpont 1989) con- 
cluded that ethylene glycol ether of pi- 
nene (DAL.S. Activator) was an effective 
activator for pyrethrum and rotenone, 
and could be safely and economically em- 
ployed in commercial fly sprays. Since the 
publication of this bulletin, numerous in- 
quiries concerning the advisability of 
including an aliphatic thiocyanate (Leth- 
ane 384 Special) ino such combinations 
have been received. In an endeavor to sup- 
ply data accessible to all interested in 
these several products, information rela- 
tive to sprays consisting of pyrethrum, 
Lethane and D. HS. Activator is presented 
in this paper. 

EXPERIMENTAL Procepure. flies, 
Musca domestica 1... required for toxicity 
tests were bred in a small room maintained 
at temperatures ranging from 78 to 82° F. 
and at between 50 and 70 per cent relative 
humidity. The rearing and testing work 
conformed closely with the large-group, 
Peet-Grady procedure devised by Siman- 
ton & Miller (1988). Richardson's (1982) 
food mixture was used for rearing the lar- 
vae. The method of evaluating liquid, 
spray-type, household insecticides in con- 
junction with the Official Test Insecticide, 
essentially as set forth by Simanton & 
Miller (1938), and later adopted by the 
National Association of Insecticide and 
Disinfectant Manufacturers was followed 
in analyzing all data. 

Moarertaus. —Deobase, a petroleum dis- 
tillate, water-white in color practi- 
‘ally odorless, served as the base oil in all 
of the formulae reported herein. [t is re- 
ferred to as Number 30, which designates 
its approximate viscosity. [t was obtained 
from L. Sonneborn Sons, Ine. 

The pyrethrum extract employed was a 
20:1 concentrate in oil guaranteed to con- 
tain 2.0 grams of pyrethrins T and TL per 
100 ce. [tis a product of MeCormick and 
Company known as Pyrethrol 20. 

The aliphatic thioeyanate was ob- 
tained from Rohm and Haas Company, 


* Study conducted under Hercules Powder Company Naval 
Stores Research Fellowship and results published as a contribu 
tion from the Department of Entomology. Delaware Arricultural 
Experiment Station. with the approval of both the Director of 
the Station and the supporting company 


and is the concentrate sold under the trade 
name of Lethane 384 Special. 

Ethylene glycol ether of pinene (D. H. 
S. Activator) was secured from Hercules 
Powder Company. 

PREPARATION OF SpRAYsS.—In the prep- 
aration of all formulae the required vol- 
ume of base oil was measured out and the 
necessary amounts (by volume) of Leth- 
ane 384 Special, pyrethrum or D. H. 8. 
Activator added in the order named. All of 
the combinations were well shaken and 
allowed to stand for at least 24 hours to 
determine their compatibility. No phys- 
ical changes were observed when any of 
the sprays were prepared, all of the ma- 
terials being compatible with each other 
in this base oil. 

Discussion OF the 
results presented in table 1, it is apparent 
that D.H.S. Activator increases the toxie- 
ity of sprays containing both pyrethrum 
and Lethane 384 Special. This is due to 
the action of D. H. S. Activator on the 
pyrethrum. It is definitely activation and 
not additional toxicity attributable to 
ethylene glycol ether of pinene itself. 

In order to clarify this statement cer- 
tain facts must be pointed out. In the 
earlier work conducted by the writer 
(Pierpont 1939), it was found that D. H. 
S. letivator was an effective activator for 
pyrethrum. The data reported herein 
show that D. H. S. Activator alone was 
non-toxic and, moreover, that the addi- 
tion of it to a straight Lethane spray did 
not affect appreciably the toxicity of such 
a spray. Therefore, it is evident that in 
mixtures, in which D. H. S. Activator is 
added to pyrethrum and Lethane 384 
Special, any increase obtained over and 
above the toxicity produced by the py- 
rethrum-Lethane 384 Special combinations 
alone is due to the action (activation) of 
D. HS. Activator on the pyrethrum. 

An example of this is as follows: A spray 
containing 5 per cent of D. H. S. Activator 
was non-toxic. A spray containing 3 per 
cent of Lethane 384 Special was numeri- 
cally rated at —5.8. A spray containing 3 
per cent Lethane 384 Special and 5 per 
cent D. S. Activator was numerically 
rated at —6.1. The difference in toxicity, 
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Table 1.—Toxicity of pyrethrum, Lethane 384 Special and D.H.S. Activator sprays in Base Oil No. 
30 to five-day-old flies. 


OrriciaL Test 
INSECTICIDE 


COMBINATION SpRAys* 
NATIONAL Association 
or DISINFECTANT AND 


Per Cent 
INsecTICIDE Manv- 


Per Cent 


20:1 Lethane Down Dead - FACTURERS RATING 

Pyrethrum 384 DALS. in 10 in 24 Downin Dead in — 
Concentrate? Special Activator Minutes Hours 10 Minutes 24 Hours Numerical Grade 

1 0 0 60.8 5.0 98.5 $5.3 —40.3 Below B 

0 1 0 73.0 10.8 99.4 47.6 -36.8 Below B 

l 1 0 93.9 15.4 99.2 $3.5 —28.1 Below B 

0 0 3 15.3 0.0 98.5 54.1 54.1 Below B 

1 95.3 24.4 97.9 $2.9 Below B 

0 0 5 19.8 0.0 97.5 58.3 58.3 Below B 

l 1 5 98.3 $2.7 98.8 17.0 14.3 Below B 

0 | 5 37.8 5.0 99.5 $5.7 10.7 Below B 

1 2 0 99.2 37.0 99.0 $405 7.5 Below B 

1 2 3 99.4 $4.5 99.0 $4.5 0.2 B 

1 2 5 99.2 5.0 98.9 S84 + 4.6 B 

l 3 0 99.7 7.9 99.0 5.4 + 4.5 B 

l 3 3 99.5 51.9 + 8.5 A 

99.6 57.9 98.7 3.4 4+14.5 \ 

2 0 0 90.7 19.6 98.5 5.3 25.7 Below B 

2 1 0 99.2 34.4 98.9 3.4 9.0 Below B 

2 $ 99.2 15.9 99.0 + 1.4 B 

2 l 5 99.2 57.8 9S 8 7.0 +1008 A 

0 2 0 94.6 20.7 990 42.4 22.7 Below B 

2 2 0 99.1 $7.2 99.2 $5.7 + 1.5 B 

2 2 99.1 50.8 988 39.4 +10.9 A 

0 2 5 93.2 23.6 99.2 $3.5 19.9 Below B 

2 2 5 98.9 55.6 97.9 $2.9 +12.7 A 

2 3 0 99.5 Te | 97.4 50.0 4+ 6.1 A 

2 99.7 59.2 98.7 3.4 +15.8 A-AA 

2 3 5 99.6 59.8 98.9 38.7 +21.1 AA 

3 0 0 97.3 23.2 986 44.7 -21.5 Relow B 

3 1 0 99.0 98.4 $1.7 1.7 B 

8 1 99.1 $5.9 985 7.8 \ 

8 1 5 99.2 54.2 98.8 88.0 +16.2 AA 

3 2 0 99.8 47 4 98.7 $1.8 + 5.6 B-A 

S$ 2 99.7 57.1 98.7 $4.4 +12.7 A 

3 2 5 99.8 67.2 98.7 7.8 +194 AA 

0 3 0 97.0 33.6 98.8 39.4 5.8 B-Below B 

8 $ 0 99.0 6001 98.7 47.8 A 

3 3 3 100.0 69.6 98.7 $7.8 +21.8 AA 

0 $ 5 96.3 7 4 99.2 $3.5 6.1 Below B 

8 5 100.0 76.5 98.7 178 + 28.7 AA 

+ 0 0 97 .6 35.6 98.5 $5.3 0.7 Below B 

0 0 95.6 1S. 4 98.7 37.9 +1005 \ 

5 0 0 98.5 th.7 98.5 $5.6 0.9 B 

0 5 0 96.6 55.5 98.7 17.9 +17.6 AA 


* Base oil No. 30 (Deobase) used as the added ingredient necessary to make a 100 per cent spray 

t Contained 2.0 grams Pyrethrins I and II per 100 ex 

S. Activator has been shown to be non- 
toxic and, furthermore, failed to affect 
Lethane 384 Special, it is certain that acti- 
vation of the pyrethrum by D. I. S. Aeti- 
rator produced the increase in toxicity 
noted. 

A complete picture of the effect of the 
addition of 3 and 5 per cent, respectively, 
of D. H. S. Aetivator to sprays containing 
1, 2and 3 per cent pyrethrum and 1, 2 and 


but 0.3 per cent, is not significant, since it 
is less than the usual variations encoun- 
tered in biological testing. A spray contain- 
ing 3 per cent pyrethrum and 3 per cent 
Lethane 384 Special was numerically rated 
at +12.3. A spray containing 3 per cent 
pyrethrum, 3 per cent Lethane 384 Special 
and 5 per cent D. WH. S. Activator was nu- 
merically rated at +28.7. Thus, an in- 
crease in toxicity amounting to 16.4 per 


cent was obtained by the addition of 5 
per cent of D. Activator. Since D. 


3 per cent Lethane 384 Special is presented 
in figure 1. The data are set forth in a 
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manner which indicates both the numeri- 
eal and grade ratings of these combination 
sprays, When rated according to the official 
method adopted by the National Associa- 
tion of Insecticide and Disinfectant 
Manufacturers. 

In all cases, the addition of D. H.S. 
Activator increased the efficiency of the 
pyrethrum-Lethane 384 Special sprays. 
In every instance, the toxic increases ob- 
tained by the addition of 5 per cent of D. 
H. 8. Activator were greater than those 
obtained by the addition of 3 per cent of 
this material. 

The addition of D. S. Activator pro- 
duced a quicker knockdown in sprays in 
which the percentage of pyrethrum ex- 
ceeded that of Lethane 384 Special, while 
in sprays in which the percentage of Leth- 
ane 384 Special exceeded that of pyre- 
thrum the knockdown was not increased 
to as marked a degree. 

Combinations of pyrethrum and = Leth- 
ane 384 Special and of pyrethrum-Leth- 
ane 384 Special and D. H. 8S. Activator 
displayed the quick-acting, toxic effect of 
pyrethrum, the kill being complete after 
24 hours. 

Summary. Pyrethrum, Lethane 384 
Special and D. H. 8S. Activator were com- 
patible Deobase. The efficiency of fly 
sprays containing varying percentages 
(1,2 or 3) of pyrethrum and Lethane 3s 
Special was increased by the addition of 
D. HS. Activator. Increased toxicity was 
due to the activation of the pyrethrum by 
D. H.S. Activator. In every case, the in- 
creases obtained by the addition of 5 per 
cent of this material were greater than 
those obtained with the 8 per cent concen- 
trations. 

D. WH. Aetivator apparently has no 
effect. on straight Lethane 384 Special 
sprays, since no appreciable increase or 
decrease in toxicity attributable to D. 71. 
S. Aetivator was noted when this material 
was added to such sprays. 

Combination sprays including all three 
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materials proved effective against’ the 
house fly, with the degree of efficiency 
correlated with the amounts of the several 
materials contained in the svrays.—-11- 
15-40. 
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Honeybee Population and Floral Competition in 
New Jersey Orchards* 


Ropert 8. Firmer, New Jersey Agricultural Experiment Station, New Brunswick 


Studies during the fruit bloom period 
shows that the honey-bee is the most im- 
portant insect concerned with pollination 
in New Jersey orchards. In the major or- 
chard areas, the natural insect population 
must be supplemented each year by colo- 
nies of bees in order to insure sufficient in- 
sect pollinators. The annual renting of 
colonies of bees for this purpose results in 
a high population of insect pollinators and 
tends to stabilize this insect population 
from year to year, so that problems con- 
cerning sufficient insect pollinators seldom 
occur in the major orchard areas. In the 
minor orchard areas of New Jersey, the 
honeybee often represents 90 per cent of 
the insects concerned with pollination, 
and in many of the smaller orchards the 
natural honeybee population of the are: 
is great enough to insure satisfactory cross 
pollination and set of fruit during favor- 
able seasons. Such areas usually have a 
low population of insect pollinators which 
is not controlled by the orchardist so that 
marked or gradual changes in this popula- 
tion often occur. It is in the minor orchard 
areas where low populations of insect 
pollinators are concerned that most of our 
cross pollination problems occur. Studies 
of the problems in these areas, indicate 
that competition between apple bloom 
and other floral plants in the orchard area, 
as well as the attractiveness of certain 
varieties of apples, is great enough to in- 
terfere seriously with a uniform distribu- 
tion of honeybees throughout the orchard 
which is so necessary for satisfactory cross 
pollination. It is well known that honey- 
bee’s visit to the blossom is not purely a 
mechanical process, but is primarily con- 
cerned with food acquirement. Variations 
in the attractiveness to honeybees of 
simultaneously blooming nectar plants 
is well known, and this preference is usu- 
ally attributed to the available nectar or 
pollen resources of the preferred plant. In 
areas having a low population of insect 
pollinators this attractiveness or prefer- 
ence may result in the concentration of 
honeybees on plants other than apple 
where such plants are abundant, or, lack- 
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ing competing bloom, the concentration 
of the limited honeybee population on 
certain attractive varieties of apples may 
occur. The following table shows the 
honeybee distribution on plants blooming 
in the orchard and among certain varieties 
of apples in such an area. 

Table 1.—Honeybee distribution on blooming 
orchard plants and apple varieties in low honey- 
bee population areas. Glassboro. May 1-2-3, 
1939. Averages of a series of five-minute observa- 
tions. 


NUMBER OF 


Avenace Neween oF 


TIONS 
Dandelion Mustard Wild Plum Apple 
72 It 22 
Winesap Stavman Medntosh Deheious 
wo Iz 6 ts 32 
- 
Fable 1 shows that approximately 75 


per cent of the honeybee population was 
working on plants other than apple. Dis- 
tribution of the honeybees among the ap- 
ple varieties was very uneven and indi- 
cates that Winesap and Stayman varieties 
are rather unattractive to honeybees. 
Observations in the past have indicated 
that varieties such as Winesap, Stayman, 
Paragon, Baldwin and Gravenstein were 
relatively unattractive to bees when varie- 
ties such as Delicious, Wealthy, Grimes, 
Yellow Transparent and Duchess were 
available. In this particular group of or- 
chards, fruit sets on the Stayman and 
Winesap blocks were an annual uneer- 
tainty which might be explained by the 
uneven distribution of the honeybee popu- 
lation. 

Within several miles of this orchard a 
similar problem of honeybee distribution 
in a block of Paragon apples had been ob- 
served in the past and the situation cor- 
rected by supplementing the natural hon- 
eybee population by renting additional 
colonies of bees. In this case, the area was 
changed from a low to high population 
status and the honeybee distribution 
throughout the orchard became rather uni- 
form as is shown in table 2. 

Table 2 shows that approximately 60 
per cent of the honeybee population was 
working on plants other than apple. The 
bees which were working apples show a 
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rather uniform distribution among varie- 
ties which indicates that the population of 
insect pollinators was ample to provide sat- 
isfactory distribution for cross pollina- 
tion. From examination of tables 1 and 2 
it seems logical to assume that the more 
uniform distribution of honeybees among 
apple varieties in high population areas is 
a necessity because every source of nectar 
must be searched out as a food supply. In 
orchards where the honeybee population 
is low the more desirable or abundant sup- 
plies of nectar will first be sought out. Uni- 
form distribution of honeybees among 
apple varieties is a more reliable criterion 
by which to judge the number of insect 
pollinators required in an orchard area, 
than the general recommendations of the 
past based on hives per acres. 


Table 2.—Honeybee distribution on blooming 
orchard plants and apple varieties in a high 
honeybee population area. Glassboro. May 1-2-3, 
1939. Averages of a series of five-minute ob- 
servations. 


NUMBER OF 
A 
TONS Averace or Hoxeyuees 
Wild 
Dandelion Mustard 
37 16 2: 55 
Winesap Stayman Melntosh Delicious Paragon 
56 61 57 


Wild Plum Apples 


In order to check observations made 
during past vears on the attractiveness of 
certain varieties of apples to honeybees, 
observations were made in 1940 in the ex- 
perimental orehard on the Horticultural 
Farm at New Brunswick. This is a variety 
test orchard and trees are tagged and 
numbered so that the possible error in 
identifying apple varieties is eliminated. 
The honeybee population in this area is 
low so that the general attractiveness of 
the different apple varieties is apparent. 
Counts of the number of honeybees and 
other insects observed working the blos- 
soms of a single tree were made between 
the hours of 10 a.m. and 4 p.m. on May 14 
and 15, 1940. 
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The results obtained during the past 
season, shown in table 3, check in a gen- 
eral way, observations made in the past on 


Table 3.—Summary table of honeybee counts 
in the experimental orchard at New Brunswick 
on May 14 and 15, 1940. Number of honeybees 
a blossoms per tree. Temperatures 60° F. 
to 80° F. 


Number AVERAGE, 
OF Brees 
No. Opserva- PER 
Vaniery Trees TIONS Visit 
Stayman* 1 H 6 11.00 
Wagner 2 H 8 8.00 
Delicious 2 H 12 4.66 
Monmouth Beauty 1 H 4 4.00 
Wealthy 2 H 9 4.00 
Ohio Nonpareil 1 H 6 3.50 
Grimes 3 H 4 3.30 
Yellow Transparent 3 H 9 3.00 
Stark 1 H 8 3.00 
Duchess 1 Past 
full 6 
Summer Rambo 1 Past 
full 2 2.00 
Nero 2 Hi 4 1.75 
King 1 H 4 1.50 
Melba 1 H r 1.50 
Bellflower 1 H 6 1.50 
Stayman 3 H 12 1.40 
Ben Davis 1 H 4 1.00 
Beacon 1 H 4 1.00 
Medina 1 H 4 1.00 
Paragon 2 H 6 0.50 
Rome 2 Center 
blossom 
only 14 0.50 
Jonathan 2 L 6 0.33 
R. 1. Greening 2 M 6 0.33 
Baldwin 1 L 6 0.25 
Gravenstein 2 L 0.25 
W. W. Pearlman 1 H 6 0.25 
Red Astrachan 1 Past H 
full 4 0.00 
Newfane 1 H 4 0.00 
Stark 1 H 4 0.00 
Smokehouse 1 H 4 0.00 
H =heavy bloom M = medium .=light 


* Single Stayman tree which was particularly attractive to 
honeybees, which indicates there is considerable variation in 
attractiveness in trees of the same variety. 
varietal attractiveness in commercial ap- 
ple orchards. The degree of attractiveness 
of the bloom of different varieties of ap- 
ples to the honeybee noted in this study 
is great enough to result in an uneven 
honey bee distribution in commercial or- 
chards where large blocks of a single ap- 
ple variety are concerned. Insect pollinator 
needs of an orchard area should be de- 
termined by the distribution of these in- 
sects in blocks containing unattractive 
varieties. — 11-15-40. 


Potassium Soaps of a Wood Rosin and Rosin Residue as 
Spreaders for Nicotine, Derris and Pyrethrum 
in Horticultural Sprays* 


W. W. Fassic and R. L. Prerrpont, University of Delaware, Newark 


During the past four summers (1937 
1940), a large number of laboratory tests 
have been completed to determine the 
value of potassium soaps of FF wood rosin 
and rosin residue (both, with 60 per cent 
actual soap content) as spreaders for nico- 
tine sulphate (Black Leaf 40) acetone ex- 
tracts of derris and 20:1 alcoholic ex- 
tract of pyrethrum. Crystal potassium ole- 
ate soap (40 per cent actual soap content) 
served as the standard for comparison. 
Two species of aphids, the nasturtium 
aphis, Aphis rumicis L., and the spiraea 
aphis, .1. spiraecola Patch, which are nor- 
mally abundant locally, were used. The 
results of these tests are here presented. 

Test Procrepure.— Infested shoots 
were collected and placed in cotton-stop- 
pered, water-filled bottles. The spray com- 
binations were prepared with an electric 
mixing apparatus and applied with a De- 
Vilbiss Type WV spray gun operating un- 
der 10 pounds air pressure. The plants, 
located approximately 24 inches from the 
nozzle of the gun, were subjected to a drift 
spray until thoroughly wet. Following ap- 
plication, each treated shoot was placed in 
the center of a 12-inch paper square, the 
rim of which had been coated with tree 
tanglefoot. This method is somewhat sim- 
ilar to that employed and described by 
Richardson and Smith (1923). 

Mortality counts were taken for both 
the nicotine and pyrethrum tests after 24 
hours and for the derris tests after 48 
hours. The insects were classified as either 
alive or dead. Individuals showing any 
signs of voluntary movement as well as 
those caught in the tanglefoot were count- 
ed as alive, while all others were consid- 
ered dead. 

Three concentrations of each soap (1 to 
100, 1 to 200 and 1 to 400) were used with 
each of three concentrations (1 to 800, 1 to 
1,600 and 1 to 2,400) of the toxie agents. 
All materials were also tested alone at the 
same concentrations and water-sprayed 


* Study conducted under Hercules Powder Company Naval 
Stores Research Fellowship and results published as a contribu 
tion from the Department of Entomology, Delaware Agricul- 
tural Experiment Station, with the approval of both the Director 
of the Station and the supporting company. 


and unsprayed checks were included with 
each set of tests. All tests were replicated 
twice with approximately 400 aphids per 
test. 

Discussion oF  Resuuts.— Control 
data for the several treatments mentioned 
are summarized in table 1. Of the three 
toxic agents under test, derris, on the basis 
of all trials, was somewhat more effective 
than nicotine and decidedly more effective 
than pyrethrum, the average kill being 90, 
85 and 71 per cent, respectively. 

In every case, the nicotine-soap combi- 
nations showed a marked superiority over 
nicotine alone. With but three exceptions, 
the potassium soap of FF wood rosin, and 
that of rosin residue as well, were as effi- 
cient as potassium oleate soap in increas- 
ing the kill of both species of aphids. The 
recorded kill for nicotine sulphate at 1 to 
800 combined with any of the soaps at 1 to 
100 was never less than 96 per cent. 

The derris used in all combinations con- 
tained 1 per cent rotenone obtained by 
adding 1 ce. of acetone extract of derris 
(rotenone content 5 per cent) to 4 ce. of 
acetone with the resultant material di- 
luted to make the desired concentrations. 
The tests in which the soaps were added to 
derris indicated that potassium oleate 
soap was more effective as a spreader in 
controlling both species of aphids than 
either the potassium soap of FF wood ros- 
in or that of rosin residue. A decrease in 
efficiency was apparent with the lowering 
of the concentration of potassium oleate 
soap, but it was not as marked as when 
lower concentrations of the potassium 
soaps of FF wood rosin and rosin residue 
were used. The per cent kill with derris 
alone was likewise reduced when the con- 
centration was decreased from 1 to 800 to 
1 to 1,600, and then to 1 to 2,400, 

The addition of potassium oleate soap 
to derris increased appreciably the effi- 
ciency of this material (97 as compared 
with 90 per cent), but the addition of 
either the potassium soap of FF wood ros- 
in or that of rosin residue, in general, 
decreased its efficiency (reductions from 
90 to 84 and 76 per cent, respectively). 
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The results with all of the pyrethrum- 
soap combinations were extremely varia- 
ble. The addition of any of the soaps at 
the several concentrations (that is, 1 to 
100, 1 to 200 and 1 to 400) to pyrethrum 
at 1 to 800 did not affect appreciably its 
efficiency. The addition of these soaps at 
the same concentrations to either 1 to 
1,600 or 1 to 2,400 pyrethrum, however, 
produced a decided decrease in the effee- 
tiveness of this material. 

When the various materials were used 
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included potassium oleate soap as the 
standard for comparison, showed that 
combinations of nicotine with any of these 
soaps were more effective than either nic- 
otine alone or derris and pyrethrum alone, 
or in combination with these soaps, fcr 
control of the nasturtium aphis, Aphis ru- 
micis L., or spirea aphis, Aphis spiraecola 
Patch. The potassium soaps of FF wood 
rosin and rosin residue were as satisfac- 
tory as spreaders for nicotine as potassium 
oleate soap. 


Table 1.—Toxicity of nicotine sulphate 40‘,, derris and pyrethrum to Aphis rumicis and A. spirae- 


cola, when applied alone and with potassium soaps of oleic acid, FF woo 


rosin and rosin residue as 


spreaders. Results expressed as per cent mortality of aphids. 


AND Aruipst No 
Dine ON SreeapeR 1:400 1:200 
Spreader only 
Nasturtium 15 38 
Spiraea 1S 77 
Nicotine sulphate 
1 te 800 Nasturtium 93 99 97 
Spiraea 99 
te 1600 Nasturtium 78 96 
Spiraea 78 97 
Ite 2400 Nasturtium 100 
Spiraca 85 OS oo 
Derris Rotenone 
Spiraea 97 o9 
te 1600 Nasturtium os 96 
Spiraea 938 
Ite 2400 Nasturtium sO 95 
Spiraea SS st 99 
20:1 Pyrethrum 
te 800 Nasturtium os a9 
Spiraea 95 100 
1 te 1600 Nasturtium 95 
Spiraea 78 | 
l te 200 Nasturtium 71 29 95 
Spiraea 37 ‘1 90 


Potassium Oleate 


oR Spreapers Usep anp Ditvtion 


FF Wood Rosin Rosin Residue 


1.100 1:400 =1:200) 1:100 1:400 1:200 1:100 
6 18 27 75 14 24 67 
75 ll 17 46 7 27 46 
99 91 96 100 99 98 100 

100 9s 95 96 99 99 99 
ao 91 99 98 99 97 99 

100 95 95 99 98 96 98 

100 96 98 99 95 96 100 

100 so 92 99 47 o4 99 

100 96 93 93 82 88 RS 
85 91 90 78 

100 80 oF 71 51 65 

100 68 73 96 76 85 57 

75 97 48 66 
99 45 92 97 55 95 S4 
87 71 90 9 86 96 oF 
5s 56 69 78 66 90 
40 30 60 66 59 92 4 
67 5 23 26 34 52 69 
97 6+ 22 79 80 
oF ‘ 18 35 20 37 41 


* Average mortality in all unsprayed checks, 3 per ce 
Average mortality in checks sprayed with water onl 
t Counts included a total of 43,400 aphids. 


alone, with but two exceptions, the ace- 
tone extract of derris at the 1 to 800, 1 to 
1,600 and 1 to 2,400 concentrations proved 
more effective in controlling both the nas- 
turtium and spiraea aphids than nicotine 
sulphate (Black Leaf 40) or 20:1 alcoholic 
extract of pyrethrum at the same concen- 
trations. 

Potassium oleate soap at any of the 
concentrations was more toxic to both spe- 
cies of aphids than either the potassium 
soap of FF wood rosin or that of rosin resi- 
due. These soaps were apparently about 
equal in toxicity. 

Summary. The results of tests with 


potassium soap of FF wood rosin and po- 
tassium soap of rosin residue as spreaders 
for nicotine, derris and pyrethrum, which 


ont after 24 hours; 10 per cent after 48 hours. 
vy, 4 per cent after 24 hours; 17 per cent after 48 hours. 


Potassium oleate soap was definitely a 
better spreader for derris than either the 
potassium soap of FF wood rosin or that 
of rosin residue. A slight decrease in effi- 
ciency was noted when the concentration 
of this soap was lowered, but it was not as 
marked as when lower concentrations of 
the potassium soaps of FF wood rosin or 
rosin residue were used. 

The addition of any of the soaps at the 
several concentrations (that is, 1 to 100, 1 
to 200 and 1 to 400) to pyrethrum at 1 to 
800 did not affect appreciably its efficiency 
and a decided reduction in per cent kill 
was recorded when the same concentra- 
tions of these soaps were used with py- 
rethrum at 1 to 1,600 and 1 to 2,400. 

Potassium oleate soap by itself, at any 
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of the concentrations tested, was more 
toxic to both species of aphids than either 
the potassium soap of FF wood rosin or 
that of rosin residue. These soaps were ap- 
parently about equal in toxicity. 

Rosin soaps are commonly used for the 
sizing of paper and are not available 
through insecticide jobbers or dealers. 
However, it is believed that potassium 
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soap of FF wood rosin could be made avail- 
able for insecticidal purposes at a cost 
competitive with potassium oleate soap. 
When used alone, the order of effective- 
ness (from most effective to least effective) 
for the three toxic agents under test was 
as follows: acetone extract of derris, nico- 
tine sulphate (Black Leaf 40) and 20:1 
alcoholic extract of pyrethrum.— 11-15-40, 
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The Use of Petroleum Oils as Insecticides! 


I. Determination of the Amount of Oil Deposited on Apple Bark 
in Dormant Spraying 


G. W. Pearce, A. W. Avens and P. J. Cuarwan, New York State 
Agricultural Experiment Station, Genera 


A number of methods for determining 
the amount of oil deposited on foliage by 
oil sprays have been proposed. Dawsey & 
Hiley (1937) cite most of the work along 
this line. With the exception of a few ex- 
periments by Hensill (1940), the methods 
so far published give little or no attention 
to the determination of oil deposited on 
the bark. With the increasing interest in 
the use of oil sprays applied to deciduous 
fruit trees in dormant or semi-dormant 
periods the need for a method of estimat- 
ing oil deposit on bark is apparent. 

A detailed study of petroleum oils as 
insecticides has been initiated at this sta- 
tion. Our first concern has been studies 
of petroleum oil sprays applied to apple 
trees in the dormant stages. In order to 
facilitate these studies we have developed 
a practical method for estimating the oil 
deposited on the bark by such sprays. 
This method is applicable to the field test- 
ing of oil sprays and has been applied to 
about 400 samples taken from apple trees 
sprayed with petroleum oils of the dor- 
mant type under field conditions during 
the 1939 and 1940 seasons. The analyses 
have been of great value in the interpre- 
tation of field experiments. For this reason 
we wish to present the method and some 
typical results obtained. The method has 


! Approved by the Director of the New York State Agricul- 
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been applied principally to studies of fae- 
tors affecting the amount of oil deposited 
as well as the relation between deposit 
and insect control. Data from the latter 
studies will be presented in’ subsequent 
papers. 

The principle of the method to be de- 
scribed consists in taking a representative 
sample of bark surface in the form of a 
number of relatively short lengths of 
twigs. The twig sample is taken immedi- 
ately after the spray applied has dried and 
is submitted to an extraction process us- 
ing petroleum ether as the solvent. After 
extraction the solvent is removed by 
evaporation and the remaining extract 
weighed. The net oil is obtained by cor- 
recting for the amount of extract obtained 
by the same procedure on a similar sample 
of unsprayed twigs. The results are cal- 
culated on the basis of milligrams of oil 
per square inch of bark or twig surface. 
The total area of bark surface is calculated 
from measurements of the total volume 
and total length of the sample by treating 
them as the height and volume of a regu- 
lar cylinder. 

SampuinG. Preliminary experiments 
indicated that a sample of fifty twigs 
averaging about 7.5 em. in length and 0.5 
em. in diameter would contain a repre- 
sentative amount of bark surface and an 
amount of oil which could be readily de- 
termined in the analytical procedure. The 
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twigs are cut at random from the tree and 
from within reach of the ground except in 
those instances where information con- 
cerning the distribution of oil in different 
parts of the tree is desired. Twigs having 
numerous buds and spurs and also highly 
irregular surfaces are avoided as much as 
possible. A good practical guide in taking 
a sample is to select twigs from two or 
three year old growth. This procedure has 
two advantages. First, wood of this age 
will usually meet the size and quality 
specifications given above and, second, 
the eggs of the insects (fruit tree leaf roller, 
apple red bug, aphids and seale insects) 
against which the oil is directed are gener- 
ally most prevalent on these parts of the 


Fic. 


Fifty-twig sample used in oil deposit 
determinations. 


tree. Thus, the amount of oil found de- 
posited in these areas can be directly cor- 
related with insect control. Figure 1 shows 
a typical sample of fifty twigs. 
EXTRACTION OF THE OtL.We have 
followed the policy of extracting the sam- 
ples within two days after they have been 
taken. Some experiments have been com- 
pleted which indicate that the samples can 
be held for a much longer period before 
extraction without introducing an error 
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due to the possible penetration of the oil 
to a point where it is not readily extracted. 
The details of the method of extraction 
and recovery of the extract are given in 
the following paragraphs. 

The twig sample is transferred to a large 


Fic. 2. Soxhlet extraction outfit used in tests. 
Soxhlet extraction outfit and extracted for 
one hour with petroleum ether (boiling 
range 35-60° C.). A Soxhlet outfit of the 
following size is necessary : inside diameter 
of extraction tube, 70 mm.; siphon tube, 
165 mm. high; extraction flask, 1,000 ml. 
capacity. The outfit is used without ex- 
traction thimbles. A battery of three com- 
plete outfits with three extra flasks can be 
kept going continuously by one operator 
with occasional help from a second. Fig- 
ure 2 shows a picture of three extraction 
outfits in operation. 

After extracting the twigs for one hour, 
they are removed and most of the petro- 
leum ether may be recovered by distilling 
it over into the extraction tube and de- 
‘anting into another container before it 
siphons back into the extraction flask. The 
residue in the extraction flask is carefully 
transferred to a 125 ml. Squibb separatory 
funnel containing a plug of fat-free cotton 
in the stem so that the funnel acts as a 
filter to remove any particles of dirt or 
bark from the extract. The last traces of 
oil in the extraction flask are transferred 


| 
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by rinsing with small portions of fresh 
petroleum ether. 

The contents of the separatory funnel 
are now transferred in small portions at a 
time to a tared 125 ml. pyrex Erlenmeyer 
flask containing two glass beads. Each 
portion transferred is carefully evaporated 
by placing the flask on an electric hot 
plate kept at a low heat. In this manner 
the extract is freed from the solvent. The 
last traces of oil are removed from the 


Table 1.—Amount of material extracted by 
petroleum ether from unsprayed twig samples. 


Extract EXTRACT 
SAMPLE PER 50 PER 
No. VARIETY Twics Sq. Iv. 

l Maiden Blush 36 mg. mg 
2 36 45 
3 34 Al 
+ 31 
5 41 45 
6 85 

mean 36 mg. 59 mg. 

R. I. Greening 15 mg. mg. 
2 36 45 
38 44 
38 

mean 39 mg. 45 my. 

Wealthy mg my 
3 27 
27 

mean 31 mg $4 mg. 


separatory funnel by rinsing with fresh 
portions of the solvent, the rinsings being 
transferred to the flask and evaporated as 
before. 

The Erlenmeyer flask containing the 
solvent-free extract is heated for one hour 
at 100° C., then cooled in a desiccator and 
weighed. The weight of total extract is ob- 
tained by subtracting the original tare of 
the flask from this weight. Obviously, the 
extract contains, in addition to the oil ap- 
plied as a spray, any plant material ex- 
tracted by the solvent. In order to get the 
net oil, blanks are run on unsprayed sam- 
ples of twigs and the average amount of 
extract obtained is deducted in each case 
from the total weight of extract obtained 
from any sprayed sample. The value thus 
obtained represents the amount of net oil 
per sample. 
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CaLeuLATion oF or 
Bark Area. In order to calculate the 
amount of oil per unit of twig or bark sur- 
face, the total length and volume of the 
twig sample is determined soon after ex- 
traction. Total length is determined by 
summation of the lengths of all twigs, 
measured in centimeters. Volume is meas- 
ured by finding the number of cubic centi- 
meters of water which the entire sample 
will displace in a 250 ce graduated eyl- 
inder. The total area in square inches is 
then calculated from the equation: 
A1=055y Vh, where A is the total area 
in square inches, V the volume in cubic 
centimeters, and h the length in. centi- 
meters. The milligrams of oil per square 
inch of bark surface is calculated by divid- 
ing the net oil obtained by the number of 
square inches determined as above. 

REPRESENTATIVE ANALYses. Tables 
1, 2, and 8 have been prepared as illustra- 
tions of typical analytical results obtained 
in applying the method to actual field ex- 
periments. 

In table 1, the total milligrams of ex- 
tract obtained from unsprayed twig sam- 
ples are given for three varieties of apples. 
The results are also given on a surface are: 
basis. It is seen from these data that there 
is no unreasonable variation in the amount 
of extract obtained from unsprayed sam- 
ples of the same variety. As a rule, the 
variation between varieties is somewhat 
greater. The average amount of extract 
obtained from six varieties tested so far in 
our work has ranged from 27 to 45 milli- 
grams. The blank determinations are 
probably affected by any oil sprays which 
may have been applied in previous vears. 

It should be noted that when ealculat- 
ing the oil deposit for a sprayed sample we 
use the mean values in column 3 of table 
1 rather than those in column 4. This pro- 
cedure saves considerable time in caleulat- 
ing results and is justified because it has 
been found that there is practically no 
difference in the respective values. 

In table 2, we have presented repre- 
sentative analyses taken from an experi- 
ment in which different emulsifiers were 
under study. A dormant oil having a vis- 
cosity of about 100 seconds Saybolt at 
100° F. and an unsulfonated residue of ap- 
proximately 80 per cent was used in all 
treatments. The details of this study are 
to be presented in the second paper of 
this series. Some of the analytical results 
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are used here to illustrate typical values 
obtained when the method is applied to 
field experiments. 

Several observations can be made from 
table 2, such as the amount of bark sur- 
face on which the analysis is made, the 
weight of extract obtained and the varia- 
tion experienced between the results of 
analyses of duplicate samples. 

In the course of all our work to date we 
have analyzed samples taken from ap- 
proximately 200 different plats treated 
with dormant oil sprays. In 56 of these 
plats two or more samples were taken for 
analysis, 123 samples in all. A summary of 
the results of the analyses of these samples 
on the basis of variation between repli- 
‘rated analyses is given in table 3. It ean 
be noted from this data that most of the 
samples (97 per cent) show less than 15 
per cent deviation from the mean. More- 
over, 77 per cent of the samples show less 
than 10 per cent deviation and 53 per cent 
were under 5 per cent deviation. A more 
detailed statistical analysis of the data 
from which table 3 was derived gave a 
value of +5.0 per cent as the probable 
error of a single determination. 


Table 2.—Some typical analyses of twig sam- 
ples.* 


Om Devia- 
AND PER TION 
Net Sq. In FROM 
No. unt Bank Mean Mran 
2a MW me. 1.357 me 
b 12s 1.55 1.56 mg 0.7 
2a 102 106 mg 1.048 mg 
b 1.08 10+ mg 1.0 
32 a SS sqoin, 2.146 mg. 
b 197 2.05 2.10 my 2.4, 
3a S5l mg. $.23 me 
b 106 3.91 4.07 mg. 
2a sq. in 1.51 mg 
b SS 120 1.36 1.44 my. 5.2) 
30 a Ol sq.in, 272mg. 2.99 ng 
b ol 245 2.67 2.85 mg 5.7 
IS a O5 sq.in, WO mg. 1.37 mg. 
b a3 110 1.18 1.28 mg 7.8% 
tha M4 sqoin, mg. 2.59 me 
b 204 2.17 2.38 mg. 
Sa 205mg. 2.18 me 
b 174 1.76 1.97 mg. 10.7°; 
20 a S2sqoin, mg. mg 
b SS 127 1.4% 1.64 mg. 12.2°; 


® These results represent approximately one-third of the 
samples taken from a series of tests on Wealthy apple trees and 
were selected to show the range of variation between duplicate 
samples 

t Net oil = weight of total extract minus average weight of 
extract from unsprayed samples. In this series a blank of 30 
milligrams was used. Thus, addition of 30 to each figure in 
column 3 will give the total weight of the extracts for each 
analysis. 
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It is concluded that the method will 
give results of sufficient precision to be 
useful in interpreting field experiments. 


Table 3.—Summary of oil analyses of twig 
samples taken in replicate. 


Per Cent Deviation From MEAN* 


Less 15 
than and 
1 1-5 5-10 10-15 Over 
Samples in each class: 
Number 16 49 29 25 4 
Per cent 13 40 24 20 3 


* The mean of two or more analyses was taken and the per 
cent deviation of each analysis from the mean calculated. 


Errors or THE Metuop.—The varia- 
tions observed in analytical results pre- 
sented in the previous paragraphs are 
caused by several factors. The relatively 
small probable error found, however, in- 
dicates that the errors involved must be 
either small or compensating. The sam- 
pling error which is dependent upon the 
distribution of the spray on the tree is no 
doubt the largest single error. This error 
may vary from time to time because it is 
subject to variable spraying conditions, 
Operator's spraying — technique, 
weather conditions, ete. However, it can 
be kept within reason by careful technique 
of the spray operator. 

The errors originating from the manip- 
ulations involved in performing the ex- 
traction, recovery, drying and weighing 
of the extract are all small. They are esti- 
mated to be less than 1 per cent. The 
error due to variations in the blank are 
somewhat larger but still under 5 per cent. 
We assume that the error involved in eal- 
culating the surface area of a sample from 
measurements of length and volume is not 
large. It is probable that any error made 
in estimating surface area is more or less 
constant and thus the values for total area 
are at least relative. 

One potential source of error remains to 
be considered. It involves the question of 
complete extraction of the oil. This is a 
difficult’ point to establish because one 
cannot add a known amount of oil in the 
form of a spray to a sample of twigs with 
any degree of accuracy. Attempts to re- 
cover oil added directly to the sample 
without an emulsifier have met with vary- 
ing degrees of success. In some preliminary 
tests of the method, samples of twigs were 
treated with oil by atomizing it directly 
on them. Ninety-five to one hundred per 
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cent of the oil was recovered by the 
method in these tests. In other experi- 
ments where the oil was added drop-wise, 
variable results were obtained. The prob- 
lem is better attacked by re-extraction of 
samples which have been run through the 
method. The extracts thus obtained may 
be tested for the presence of petroleum 
oils. For this purpose a number of sprayed 
and unsprayed twig samples which had 
been analyzed by the method were dried 
at 100° C. and ground in a Wiley mill. 
Portions of the ground samples were ex- 
tracted exhaustively with petroleum ether 
and the extracts recovered by evaporation 
of the solvent. The extracts were then 
saponified by refluxing with alcoholic 
sodium hydroxide. The unsaponifiable 
portions of the extracts which contain any 
petroleum oils which may have been pres- 
ent in the samples were recovered by 
evaporating the alcoholic sodium hydrox- 
ide to dryness and taking up the residual 
hydrocarbons in petroleum ether. The 
unsaponifiable residues thus obtained 
from both the sprayed and unsprayed 
samples appeared as wax-like solids hav- 
ing a melting point in the neighborhood 
of 100° C. A few milligrams of oil added to 
two of the extracts gave, after saponifica- 
tion, wax-like solids having melting points 
approximately 30 to 40° lower. Thus, it is 
evident that little or no petroleum oil was 
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present in the ground twig samples, 
sprayed or unsprayed. As a further indiea- 
tion that the extraction process used in 
the method for determining the oil de- 
posit on fresh twig samples gives practi- 
‘ally complete recovery of the oil we have 
subjected extracts of ground samples to 
a nitric acid oxidation similar to the 
method employed by Dawsey and Hiley 
(1937). The melting points of the wax- 
like solids obtained by this treatment were 
the same for both sprayed and unsprayed 
samples. Addition of a few milligrams of 
petroleum oil caused about a 10 per cent 
lowering of the melting point. 

On the basis of the results obtained by 
the nitric acid and saponification treat- 
ments we conclude that there is no signif- 
icant quantity of oil left on the twigs 
after extraction by the method for de- 
termining oil deposit proposed this 
paper. 

Summary.-A method for determining 
the amount of petroleum oil deposited on 
apple bark by dormant sprays is described. 
Typical results obtained when the method 
is applied to field experiments are pre- 
sented. On the basis of a large number of 
replicated analyses of samples taken from 
field tests it was determined that the prob- 
able error of a single determination is +5 
per cent. A discussion of the errors: in- 
volved in the method is given. 11-15-40. 
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Tuomas Say EnTOMOLOGICAL SOCIETY 
Meets at Purpur UNiversitry 


The Thomas Say Entomological Society, student 
organization at Purdue University, held its annual 
dinner April 9, with 60 attending. Paul Ulman, 
Assistant State Entomologist of Indiana, gave an 
interesting and enlightening talk on purposes and 
procedures of regulatory measures as they relate to 
insect and plant diseases. 


Nortu CENTRAL STATES CONFERENCE 


The 20th Annual Conference of the North Central 
States Entomologists was held at Columbia, Mis- 
souri, March 27 and 28, Dr. Leonard Haseman be- 
ing in charge of arrangements and acting as chair- 
man of the Conference. One hundred and seventy- 
five registered. J. R. Parker, President of the Ameri- 
can Association of Economie Entomologists, at- 
tended and participated in the Conference. 


The Use of Petroleum Oils as Insecticides 


II. Some Factors Affecting the Amount of Oil Deposited on Apple Bark 
Dormant Spraying’? 


P. J. Cuapman, G. W. Pearce and A. W. Avens, New York State 
Agricultural Experiment Station, Geneva 


A report of the studies conducted on oil 
sprays in 1939 and 1940 is being presented 
under three titles of which this is the sec- 
ond. Since there is a rather direct correla- 
tion between oil deposit and insect control, 
a knowledge of how much oil is deposited 
on the tree in spraying and the factors 
which affect deposition are basic consider- 
ations in any attempt to determine the 
performance of these materials. A method 
of determining the quantity of oil de- 
posited on the tree has been described in 
the first paper of this series. It has proved 
a useful tool in the present study. 

The writers have attempted to make a 
relatively critical appraisal of what occurs 
in the application of oil sprays under 
actual orchard conditions. A field rather 
than a laboratory approach was decided 
on in these initial investigations because 
the conditions which obtain in the field 
are, after all, those by which these treat- 
ments must finally be evaluated. One 
advantage in the field approach is that 
information will be obtained which is im- 
mediately useful in making reeommenda- 
tions to orehardists. It should also provide 
a realistic foundation upon which to base 
more critical studies in the future. 

Smith (1980), Hough (1989), and Hen- 
sill & Tihenko (1989) are among those 
who have pointed out that a number of 
factors may affect the quantity of oil de- 
posited on a plant surface in spraying. We 
are not prepared to discuss all of the fae- 
tors that have been suggested. Our data 
and general observations would lead us to 
believe, however, that the most important 
are: (1) the concentration of oil in- the 
spray mixture, (2) the kind and amount 
of emulsifier-wetting agent used, and (3) 
the quantity of spray applied. Attention 
will be given principally to a discussion of 
these three factors. 

Mernops anp Mareriacs. In most 
of the tests reported, the emulsions were 

‘Approved November 12, 1940, by the Director of the New 
York State Agricultural Experiment Station for publication as 
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? Awarded the Annual Medal of the Eastern Branch, American 
Association of Economic Entomologists, for the year 1940. 


“tank-mixed”; that is, emulsified in the 
spray machine just prior to their applica- 
tion. The procedure used in tank-mixing 
the oils was as follows: After starting the 
engine and directing the spray-gun into 
the spray-tank, between 10 and 15 gal- 
lons of water was drawn into the tank. 
First the emulsifier and then the oil was 
added. Next the spray-gun was opened, 
causing the contents of the tank to be 
drawn through the pump and discharged 
back into the tank through the spray-gun. 
This circulation through the pump and 
gun was continued for one minute. Suffi- 
cient additional water was then drawn 
into the tank to dilute the emulsion or 
mixture formed in the foregoing procedure 
totheconcentration desired for application. 

A spray machine with a tank capacity 
of 300 gallons was used in these experi- 
ments, but most test runs were made up 
in 50-gallon lots. Each mixture tested was 
considered independently of any other 
and was so considered in its preparation. 
Thus in no instance was more oil or emul- 
sifier added to the unused remainder of 
spray in the tank. 

Mature apple trees were used in all 
tests. The quantity of spray applied to 
individual trees naturally varied with 
their size, but the usual dosage was be- 
tween 15 and 20 gallons per tree. With a 
very few exceptions, all spraying was done 
by the same person. A single-nozzle spray- 
gun was used to apply the spray. The 
pump pressure was maintained at 500 
pounds and the spray-gun discharged 
spray at the rate of approximately 12 gal- 
lons per minute. 

Except for the proprietary oil emulsions 
and emulsible oils listed in table 1, the 
same brand of oil was used in all tests. 
The manufacturer has supplied the follow- 
ing specifications on this oil: 


Viscosity at 100° F. Saybolt 100-110 seconds 


Unsulfonated residue 80-85 per cent 
Beaumé gravity 26.8° 

Flash point 355° F. 

Fire point 410° F. 

Cold test Not over 25° F. 
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Since most of the emulsifying agents 
mentioned in the tables and figures are 
known to most workers, no description of 
them will be given here. Technical infor- 
mation on some of the less common ones 
may be found in Cupples (1940). The 
blood albumin product used consisted of a 
mixture of 1 part blood albumin and 3 
parts diatomaceous earth. Quantities 
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MG. OIL DEPOSITED PER SQ. INCH 


2 3 a 2 6 
PERCENTAGE OIL IN SPRAY 


Fic. 1. O1] deposition on apple bark of four emul- 

sions. The letters following the name of the emulsi- 

fier and those opposite the solid circle, triangle and 

square refer to the variety, Ben Davis (BD) and 

Wealthy (W), used in the test. The Ben Davis ex- 

periment was conducted in 1989; the Wealthy in 
1940. 


given in this paper refer to the actual 
amount of blood albumin, not albumin 
and diluent. 

Om CONCENTRATION OF SPRAY AND THE 
Deposit. The most obvious factor af- 
fecting the amount of oil deposited on the 
tree in spraying is the concentration of oil 
in the spray mixture. In fact, the logical 
conclusion to be drawn from recommen- 
dations of oil sprays, as commonly given, 
is that this is the only important factor. 
Thus oil sprays— all kinds of oil sprays, 
presumably — are advised for use at the 
same percentage strength for any given 
purpose. Such directions might be suffi- 
ciently specific if one oil and one emulsifier 
were in universal use. Since this is not the 
case there may be little relation between 
the concentration of oil in the spray and 
the amount deposited on the tree. This 
fact is shown in the data given in figure 1. 
It will be noted that as much oil was de- 
posited with a 2 per cent blood albumin 


JouRNAL oF Economic ENTOMOLOGY Vol. 34, No. 2 


emulsion as with those emulsified with 
either Goulae or Emulphor at a + per cent 
oil concentration. Further, a 2 per cent 
skimmilk powder emulsion laid down a 
deposit which exceeded those deposited by 
6 per cent Goulae or Emulphor emulsions. 

In addition to these points figure 1, 
along with figure 2, illustrates the increase 
in deposit as the oil concentration of the 
spray mixture is increased, the emulsifier 
remaining constant. Attention is called to 
the fact that in these data the quantity of 
emulsifier included was the same. One 
would expect to obtain a different curve 
or at least some change in the slope of 
those in the figures if a constant ratio 
were maintained between oil and emulsi- 
fier concentration or if the fixed amount 
of emulsifier used were increased or de- 
creased, 

Kinp AMOUNT oF EMULSIFIER. 
An extensive literature exists on the role 
of those surface active substances, vari- 
ously termed emulsifiers, spreaders and 
wetting agents, in the emulsification and 
deposition of oil sprays. Smith (1982), 
Hoskins & Ben-Amotz (1938) and Hensill 


h 


2 34 5 6 l2 
PERCENTAGE OIL IN SPRAY 


MG: OIL DEPOSITED PER SQ°INCH 


Fic. 2. Amount of oil deposited on apple bark by 

sprays ranging in oil concentration from 1 per cent 

to 12 per cent. The points on the curve refer to in- 
vidual twig analyses. 


& Tihenko (1939) have discussed the more 
important principles involved. 

While notable advances have been 
made in this subject most of the studies 
reported have been conducted in the lab- 
oratory, using artificial surfaces. It has 
not been clearly established how such 
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findings may be applied to the actual use 
of oil sprays in the field. The fact that 
most entomologists, horticulturists, and 
others still continue to recommend oil 
sprays solely on the basis of the oil con- 
centration of the spray mixture is evi- 
dence in’ support of this contention. 
Further evidence is to be found in table 1. 
These wide variations in deposit between 
different Commercial preparations suggest 
that industry, taken collectively, does not 
possess adequate information on its prod- 
ucts in terms of field performance. 

One primary objective of the studies 


Table 1.—Oil deposition of various commer- 
cially prepared emulsions and emulsible oils. 


Per Cent Per Cent Me. Ou. 
OW IN Ou. 
Lor STrock Usep IN PER Sq. IN. 
No. Propuct SPRAY or Bark 
1939 Tests—Ben Daris 

SS 

2 SS 5 1.42 

8 5 § 1.23 

5 2.32 

1940 Tests—R. 1. Greening 

5 66 1.23 

6 9S 1.27 

7 SS 1.28 

Ss SS + 

9 oO 1.69 

10 + 1.71 

1.82 
lz t 1.85 

18 + 1.92 

95 1.97 
15 98.5 + 2.04 
16 2.13 
17 2.51 
1s 3.38 
19 83 3.36 


which have been started at this station 
is to bridge this gap between the theoreti- 
cal studies of the laboratory and the prae- 
tical use of oil sprays in the orchard. 

In table 2 some data are given on the 
effect of several emulsifying agents on oil 
deposition. The materials tested are prob- 
ably fairly representative of the various 
classes of substances that might be used 
as emulsifiers. Attention is called to the 
fact that these emulsifiers were tested at a 
single concentration. Some evidence on 
the effects produced by varying the con- 
centration is given in table 3. Additional 
data on the effeets of both of these vari- 
ables are given in table 1. 
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Table 2.—Influence of the emulsifier on oil 
deposit. * 


Me. 


AmouNT 
rer 100 DerpostreD 
GAL- Se. Iv. 
EMULSIFIER LONS VARIETY or Bark, 
None Ben Davis 1.64 
None — Wealthy 1.90 
Goulae I6oz. Ben Davis 1.10 
Goulac l2oz. Wealthy 1.08 
Emulphor EL Wee. Ben Davis 1.22 
Emulphor EL 3 oz. Wealthy 1.48 
Bordeaux mixture 1-2-100 Wealthy 1.36 
Sodium oley! sulfate Wealthy 1.65 
N-458 
Soap flakes (Airkman’s) Roz. Wealthy 1.89 
Sodium lauryl! sulfate 2oz. Wealthy 1.97 
Blood albumin 2oz. Wealthy 1.99 
Blood albumin 20z. Maiden Blush 1.74 
Blood albumin 2 oz. 1. Greening 2.03 
Dighycol laurate Soz. Wealthy 2.08 
Gum arabic Wealthy 2.10 
Tricthanolamine oleate 56 ce. Ben Davis 2.10 
Triethanolamine oleate Shee. Wealthy 2.23 
Sodium alginate Soz. Wealthy 2.35 
Iyepon AP 2oz. Wealthy 2.37 
Bancroft clay Wealthy 2.82 
Lame pone A 8 oz. Wealthy 2.94 
Skimmilk powder Soz. Wealthy 4.07 


* The same oil was used in all tests and the concentration was 
per cent. 


In table 3 we see that the oil deposit 
was decreased where the quantity of so- 
dium lauryl sulfate and blood albumin 
was increased. Little or no effect on the 
deposit was caused by increasing the con- 
centration of Goulac threefold. the 
other hand, within the limits of concen- 
tration tested, an increase in the amount 
of triethanolamine oleate used resulted in 
a corresponding increase in oil deposit. As 
already pointed out, much has been writ- 
ten about the factors involved in the use 
of emulsifiers with oil sprays. Irrespective 
of such information, one must still resort 
to a trial and error method in order to 
determine the oil depositing characteris- 
tics of any given emulsifier. 

QuaANtTiITY oF Spray Appiiep.—A com- 
mon cause of poor results among growers 


Table 3.—Effect of emulsifier concentration on 
oil deposit. 


Rate Me. Ow 


Per PER Depositep 
CENT 100 PER Sq. In. 


Ou EMULSIFIER GaLuons or Bark 


1939 Tests McIntosh 


5 Goulae 1 Ib. 1.84 
5 Goulac 3 Ib. 1.74 
1940 Tests Wealthy 
$ Sodium lauryl! sulfate (IN-181) 1 07. 2.51 
4 Sodium lauryl sulfate (IN-1S81) 2 oz. 1.97 
4 Sodium lauryl sulfate (IN-181) $ oz. 1.25 
$ Blood albumin 1 oz. 2.62 
4 Blood albumin 2 07. 2.43 
4 Blood albumin $ oz. 1.50 
‘ Triecthanolamine oleate 28 ce. 1.98 
‘ Triethanolamine oleate 56 ce. 2.23 
$ Triethanolamine oleate 112 ce. 2.60 


210 


Table 4.—Distribution of oil on different parts 
of the trees as affected by the spraying technique 
employed. 


Me. Ow 
Por-  Derrosrrep 
Per Tree TION PER 
Cent SPRAYED or Sq. Iw. 
Ou EMULSIFIER FROM Tree or Bark 
5 Emulphor EL ground top 1.24 
5 Emulphor EL ground bottom 1.69 
5 Emulphor EL top of top 1.65 
spray rig 
5 Emulphur EL top of bottom 1.75 
spray rig 
5 Triethanolamine oleate ground top 2.05 
5 Triethanolamine oleate ground bottom 2.63 
5 Triethanolamine oleate — top of top 2.78 
spray rig 
5 Triethanolamine oleate — top of bottom 2.30 
spray rig 


in using sprays is the failure to effect com- 
plete coverage of the plant under treat- 
ment. This factor naturally also accounts 
for great variations in oil deposit where oil 
sprays are used. Important as this subject 
is practically, it is outside the scope of the 
present paper. Our investigations on the 
effects produced by the quantity of spray 
applied have been limited to cases where 
complete coverage is accomplished. 

In spraying under orchard conditions 
in the dormant period, varying amounts 
of spray strike the limbs in different parts 
of the tree. Some limbs receive dosages 
many times greater than are needed, at 
one extreme, and just bare coverage at the 
other. Wind conditions and the spray 
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technique followed have an important 
bearing on this question. But a tree can- 
not be completely covered with spray 
without using an amount often greatly in 
excess of that needed to cover the actual 
surface of the tree. A question arises as to 
whether the deposit of oil on the bark is 
increased by the application of more spray 
to a given area than is needed to wet this 
area completely. Some information on this 
point is given in table 4 and in the Ben 
Davis series of tests in table 5. In table 4 
we have an illustration of how the spray- 
ing technique used may affect the deposit 
in various parts of the tree. When spray- 
ing was done with the workmen on the 
ground, a lighter deposit was found in the 
top of the tree. These data should not be 
interpreted as meaning that some limbs in 
the top were not covered with spray, for 
this was not true in these instances, but 
that less spray fell here than in the lower 
portion of the tree. 

The record in table 5 shows that with 
three typical emulsions where twice as 
much spray was applied as was needed to 
give complete coverage, the oil deposit 
was increased approximately one-third, 

As can be seen, the emulsion prepared 
with triethanolamine oleate possessed 
greater deposit building properties. 

The differences deposit) just) men- 


Table 5.—Influence of the quantity of spray applied on oil deposit. 


Ma. 
Toran Spray Derposirep INCREASE 
Per CENT TREE TREE PER Sq. IN. Due te 
Ou. EMULSIFIER SPRAYED (GAL. or Bark OVER-SPRAYING 
Ben Davis Series 

4 Goulac once 15 1.10 

Goulac once 1.47 

+ Emulphor EL once 15 1.22 

4 Emulphor EL once 1.60 

4 Commercial emulsion once 5 SS 

4 Commercial emulsion once 0 2.58 368° 

4 Triethanolamine oleate once 15 2.10 

Triethanolamine oleate once 30 $.35 59.5% 

Baldwin Series 

Goulac once 20 1.51 - 

3 Goulac twice* 40 2.51 91.6%, 

$ Blood albumin once 20 1.47 

3 Blood albumin twice* 2.88 95.9%; 

3 Commercial emulsion once 20 1.39 . 

3 Commercial emulsion twice* 2.66 91.45% 


* The first application was allowed to dry before the second spray was applied, there being a four-hour interval between sprayings. 
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tioned are what one might expect to note 
between trees receiving moderately 
thorough spraying and extremely 
thorough spraying. We have no data on 
the deposits laid down by sprays having 
a mist-like quality. We would expect to 
obtain lighter deposits from such sprays 
than where the tree was drenched with 
spray. In all tests reported, the quality of 
the spray was of the latter sort. That is to 
say, the material was applied in sufficient 
volume and force to assure having the 
amount of spray striking any surface in 
ordinary spraying operation, to be at least 
ample in quantity of spray, to wet that 
surface thoroughly. 

In field experimentation, variations in 
the quantity of spray applied to different 
plats may constitute an important source 
of error. Variations in wind conditions and 
in the techniques of spraying where more 
than one workman is involved are per- 
haps the two most important contribut- 
ing factors. One has little control over the 
wind variable except to avoid spraying on 
days when the wind velocity would defi- 
nitely interfere with satisfactory coverage. 
Where complete coverage is effected un- 
der windy conditions the workman may 
greatly over-spray part of the tree. The 
personal factor in spraying was largely 
eliminated in the present studies by hav- 
ing the same person apply essentially all 
sprays. The single instance where all of 
the spraying in a complete series was done 
by another person is the Baldwin series of 
tests in table 5. This may account for the 
differences in deposit obtained with Goulac 
between the Baldwin and Ben Davis ex- 
periments, although the possible differ- 
ences in bark surface between the vari- 
eties may also be a contributing factor. 

The data given on the Baldwin series of 
tests in table 5 illustrate a characteristic of 
oil sprays which, if mentioned by earlier 
workers, apparently not generally 
known. This table shows that the total 
oil deposit may be nearly doubled if a 
bark surface is resprayed after the spray 
deposit laid down in the first application 
is allowed to dry. 

Trees are perhaps not intentionally 
sprayed twice with oils during the dor- 
mant period in any one season except in 
rare cases. In figure 3, however, we call 
attention to one practice in common use 
in this area where at least part of the tree 
may be sprayed twice. “Spraying with the 
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wind,” as this procedure is called, has a 
number of practical advantages but, as 
will be seen, it may result in the laying 
down of local excesses of deposit where oil 
sprays are concerned. This doubling up of 
deposit might easily account for tree in- 
jury, especially if the deposit formed by a 
single application approaches the limit 
that the tree will tolerate. 

Smith (1932) and Hoskins & Ben- 
Amotz (1938) have discussed the mechan- 


Fic. 8.— Diagram illustrating the probable distribu- 
tion of oil on a tree sprayed from opposite directions 
on different days, or where the practice of “spraying 
with the wind” is followed. The arrows indicate the 
direction both of the wind and of spray. The shading, 
at the left and center, indicates the portion of the 
tree which was more or less completely covered in 
the two operations, while on the right these two 
coverages are superimposed to indicate that some 
of the tree may be double-sprayed. 


ics of oil deposition on a surface, distin- 
guishing between “primary” and “second- 
ary” deposition. The data given in tables 
4 and 5 would appear to support and give 
practical substance to these generaliza- 
tions. 

Discusstion.-In this paper we have 
considered the subject of oil deposition 
and the various factors which affect it, 
without attempting to show how all this 
relates to insecticidal efficiency. This has 
been done to simplify the presentation. 
As we shall show in the third paper in this 
series, there is a rather direct correlation 
between these oil deposits and insect con- 
trol. 

The data obtained on deposits from 
analyses of twig samples represent the 
total amount of oil deposited. They do not 
show how this oil was distributed over 
the bark surface, or in other words, pro- 
vide a measure of the wetting and spread- 
ing properties of the mixture. However 
this may be, to reiterate, there is a close 
relationship between these total deposits 
and the control of the insect pests included 
in this study. 

Much has been written on the different 
types of emulsions in connection with 
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their stability and oil depositing proper- 
ties. They have been described as “quick- 
breaking,” and “tight,” and in various 
terms qualifying these two general types. 
Emulsifiers have also been classified ac- 
cording to the type of emulsion they are 
supposed to produce. Now it is well 
known that the properties of any emul- 
sion, including its stability, may be pro- 
foundly affected by the mechanies of its 
preparation. 

Some attempts have been made to clas- 
sify emulsions and emulsifiers on the basis 
of samples made up in the laboratory. A 
typical procedure has been to mix the in- 
gredients either by hand or by mechanical 
agitation. The rapidity with which the oil 
separates out, when this mixture is placed 
in a cylinder, is then used as a measure of 
the stability of the emulsion and the 
emulsifying power of the emulsifier. Un- 
fortunately, such preparations are not at 
all comparable with the emulsions which 
are delivered at the spray nozzle in actual 
spraying operations. 

This fact was brought out clearly in 
connection with some of the very limited 
comparisons we have made of laboratory 
and “tank-mixed” emulsions. Goulae (lig- 
nin pitch), for example, when mixed with 
oil and water according to the laboratory 
procedure just described produces an un- 
stable or “quick-breaking” emulsion. If, 
however, Goulac and the other ingredients 
are drawn through a pump and ejected 
through a small orifice under high pres- 
sure, which is precisely what is done in 
tank-mixing an emulsion, a product. of 
relatively high stability is produced. It 
should also be recognized that regardless 
of how the emulsion may have been proc- 
essed before use, it actually undergoes 
the equivalent of an additional emulsifica- 
tion process when it is delivered through 
the spray nozzle in the form of spray 

In further connection with the role that 


JouRNAL OF Economic ENTOMOLOGY 


Vol. 34, No, 2 


mechanical preparation can play in emul- 
sification, attention is called to what can 
be done with a colloidal mill. Satisfactory 
emulsions can be prepared in this equip- 
ment where other methods have either 
failed or did not give the desired results. 
Ideally, in making critical studies of 
emulsions or the emulsifying properties of 
emulsifiers, observations should be based 
on the product which is delivered at the 
spray nozzle by actual commercial spray- 
ing equipment, or samples should be pre- 
pared and taken in a manner whereby 
these conditions are essentially duplicated. 
Summary. The three factors which 
are considered most important in affect- 
ing the amount of oil deposited on apple 
bark in the dormant treatment of apple 
trees are: (1) concentration of oil in the 
spray mixture, (2) kind and amount. of 
emulsifier-wetting agent used and (3) the 
quantity of spray applied to the tree. In 
general, the expected correlation between 
oil concentration and deposition is main- 
tained within limits where the same emul- 
sifier is used. There may be little relation, 
however, between deposit and oil concen- 
tration when emulsions prepared with 
different emulsifiers are compared. Both 
the individual characteristies of the emul- 
sifier used and its concentration affect 
deposition. There are apparently definite 
limits to the quantity of oil that can be 
deposited on the tree a continuous 
spraying operation. Where twice the 
quantity of spray needed to cover a tree 
thoroughly was applied, the oil deposit 
was increased approximately one-third. 
This was the record obtained with three 
typical emulsions; the deposit) was  in- 
creased nearly 60 per cent with an emul- 
sion prepared with triethanolamine oleate. 
Trees resprayed after the first application 
had dried gave oil deposits almost double 
those obtained from a single application. 
11-15-40. 
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Development of Milky Disease on Japanese Beetle Larvae 
under Field Conditions 


R. TT. Wuarre, U.S. Department of Agriculture, Bureau of Entomology and Plant Quarantine 


As early as 1922 preliminary studies 
indicated that disease was causing some 
mortality among larvae of the Japanese 
beetle, Popillia japonica Newm., in the 
field. In 1984 and 1935 two types of spore- 
forming bacteria responsible for what are 
called milky diseases were isolated. These 
causative organisms were first’ termed 
type A and type B, by the late G. F. 
White,! but they have now been described 
as new species, Bacillus popilliae Dutky 
and B. lentimorbus Dutky, respectively 


the latter date had dropped from 36 per 
square foot in May to 5 per square foot at 
a time just prior to emergence of the 
adults. A survey on August 16, 1939, 
showed that beetles were ovipositing in 
the soil and that 8 per cent of the small 
first instars were already diseased, indicat- 
ing a heavy mortality in the early larval 
stages. 

Surveys made at intervals from August 
1939 to June 1940, which involved sam- 
pling at random over the entire golf course, 


Table 1.—Populations of immature stages of the Japanese beetle and incidence of Type A milky 


disease at the Battle Hill Golf Course from August 1939 to June 1940. 


PERCENTAGES OF STAGES Founp 
Dare PoPpuLATION Torta PERCENTAGE 
OF First Seeond Third PER LARVAE LIVING BUT 
SURVEY Ege Instar Instar  Instar Prepupa  Pupa Se. Fr.! Examinep  Dseasep 
1989 
Aug. 16 Ss 32 60 0 0 0 2 295 8 
Sept. 1 I 15 71 13 0 0 0 400 19 
Oct. 25 17 SS 0 0 7 169 25 
19-0 
June 20 0 0 3 79 13 5 3.4 294 46 
29 0 0 0 67 7 26 5.4 136 60 


~ 


Including diseased grubs 

(Dutky 1940). Extensive field tests have 
been in progress since 1935 (White 1940; 
White & Dutky 1940), and many observa- 
tions have also been made in areas in 
which natural disease build-up has been 
in progress. The purpose of this paper is 
to present briefly data from three localities 
which seem to be representative of results 
that may be generally expected under 
natural field conditions. 

Bartie Course, Sprinc- 
FIELD, N. J. No evidence of milky dis- 
ease was noted at this point during the fall 
of 1937, when a large number of Japanese 
beetle larvae were dug for use at the 
Moorestown laboratory. Early in May 
1939 approximately 1 out of 500 grubs, or 
0.2 per cent, was found infected with the 
type A milky disease organism, when some 
20,000 third instars were dug from the 
roughs on this course. On June 8 and 28, 
1939, approximately 4 and 18 per cent, 
respectively, of the population were found 
to be infected. The average population on 


‘Unpublished reports, 


showed a steady increase in the percentage 
of diseased grubs and a steady reduction 
in grub population. The population of the 
insect in the soil dropped from a maximum 
of 40 per square foot on September 1, 
1989, to 5.4 on June 29, 1940, and the dis- 
ease incidence increased from 19 to 60 
per cent. In other words, the number of 
living, healthy insects finally dropped 
from about 32 to about 2 per square foot, 
ora reduction of approximately 95 percent. 
Asummary of the records is given in table 1. 

An early survey of the 1940 brood was 
not made, but on September 5, 1940, a 
survey showed an average population of 
only 6.7 larvae per square foot with 16.6 
per cent of all forms diseased. 

Vererans ApMINISTRATION HospitaL 
AND Faciuiry, Perry Point (Perry- 
VILLE), Mp. Over 100 acres of turf in the 
form of lawns and a golf course occur at 
this location. The beetle has been very 
abundant, and considerable injury from 
larval feeding was evident during the early 
fall of 1939, 
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A survey made on August 24, 1939, 
showed an average grub population of 37 
per square foot, with some counts as high 
as 80 per square foot. Four per cent of all 
larvae were diseased, and it appeared 
probable that disease build-up and sub- 
sequent larval reduction would be rapid 
enough to prevent further turf injury. 
This expectation was borne out by counts 
made during the following 10 months. The 
records are given in table 2. 
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during the spring months, and areas that 
had been resodded during the fall of 1989 
suffered no apparent injury, again demon- 
strating the effectiveness of milky disease 
as a control agency in areas with moderate 
to heavy soil populations. 

Moderate feeding by adult beetles was 
again evident in the Perry Point area 
during July and August 1940, and a rather 
large number of eggs were deposited in the 
soil at the hospital grounds. A survey on 


Table 2.—Populations of immature stages of the Japanese beetle and incidence of Type A milky 
disease at Veterans Hospital grounds, Perry Point, Md., from August 1939 to June 1940. 


PERCENTAGES OF STAGES Founp 


Date PoruLaTion Toran PERCENTAGE 
OF First Second Third Pre- PER Larvak LIVING BUT 
SURVEY Instar Instar  Instar pupa Pupa Sq. Fr! EXAMINED 
1989 
Aug. 24 10 S7 3 0 0 37 S66 rt 
Sept. 8 42 37 0 0 38 1537 7 
Oct. 9 0.5 2.5 0 0 24 385 
Nov. 6 0 4 96 0 0 20 676 9 
1940 
Apr. 17 0 0 0 20 
May 21 0 2 9s 0 Is 2 
June 7 0 0 oF 6 0 18 268 38 
17 0 0 70 Ww 20 6.5 SS2 67 
Including diseased grubs. 
The survey made on April 17, 1940, | August 20, 1940, showed an average popu- 


showed that winter mortality had been 
negligible, for a population of approxi- 
mately 20 per square foot still remained. 
Sea gulls were feeding upon larvae in cer- 
tain of the areas supporting the heaviest 
larval populations. Experimental studies 
have shown that milky diseases may be 
spread by birds and it was apparent that 
the process of natural disease dissemina- 
tion by birds was in progress at this point. 

The percentages of diseased larvae 
dropped during the winter and during the 
spring little or no new infection became 
evident, because of low temperatures. 
However, an apparent infection of only 2 
per cent in a sample dug on May 21, 1940, 
increased to 63 per cent in 8 days, when 
the material was held in a cellar at 86° F. 
This increase in infection indicated that a 
comparable reduction in population might 
well be expected in the field after the soil 
temperature had risen to a point favorable 
for disease development. The final survey 
verified this supposition, and in every dig- 
ging containing larvae Type A infection 
was found. As a result of the reduction of 
about 95 per cent in the number of living, 
healthy larvae, no turf injury was evident 


lation of 14.3 larvae per square foot, 30.3 
per cent of which were diseased. Disease 
incidence was high among the small first 
instars of the 1940 brood; in one digging 
44 out of a total of 58 larvae were infected. 

A survey on September 4 showed only 
10.8 larvae per square foot, with 28 per 
cent of these diseased, thus indicating that 
larvae were becoming infected as they fed. 

Wasninctox, D. C. The Japanese 
beetle has been established in the District 
of Columbia for a number of vears and the 
infestation in several sections is now quite 
general. The presence of milky disease 
was first evident in May 1936, when one 
larva from several collected in the Ben- 
ning Road section was found to be defi- 
nitely infected with milky disease. Collee- 
tions of larvae made in June, 1940, from 
the Anacostia Golf Course and Park, the 
East Potomac and West Potomac Golf 
Courses, and the Naval Air Station 
grounds showed the presence of Type A 
milky disease at each point. At the Ana- 
costia course an average of only 1.8 im- 
mature stages of the beetle per square 
foot was found, 45 per cent of all forms 
being infected. A much lower disease in- 
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cidence was found at the other sites, and 
the grub populations were higher than at 
Anacostia. Examinations at some 10 
places in this area in September 1940 
showed populations of grubs in the soil to 
be much higher than they were in June. 
Since the incidence of disease appears to 
be generally low and its distribution lim- 
ited, a program of treatment of many of 
the Government-owned areas with spore- 
impregnated dusts has been started in and 
adjacent to the District in order to hasten 
the build-up of disease. 

The conditions in and around Washing- 
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ton probably are typical of many areas in 
which the beetle is increasing. The data 
presented indicate the part that may be 
played by milky disease during the years 
before the peak in beetle populations is 
reached. 

Conc iusions.-The data presented in- 
dicate the importance of milky disease as 
a natural control agency in areas support- 
ing heavy populations of larvae. These 
data show a rapid build-up of disease in 
such areas, and a corresponding decrease 
in the beetle population following such 
build-up. — 12-12-40. 


LITERATURE CITED 


Dutky, S. R. 1940. Two new spore-forming bacteria causing milky diseases of Japanese beetle larvae. 


Jour. Agr. Res. 6101): 57-68. 


White, R. T. 1940. Survival of type A milky disease of Japanese beetle larvae under adverse field con- 


ditions. Jour. 33/2 


508-6. 


White, R. T., and 8. R. Dutky, 1940. Effect of the introduction of milky diseases on populations of 
Japanese beetle larvae. Jour. Econ. Ent. 33(2): 306-9, 


Susceptibility of Certain Scarabaeid Larvae to Infection by 
Type A Milky Disease 


S.R. Derxy, U. 


Following the publication by White and 
Dutky (1940) of a paper discussing the 
effect. of introducing milky diseases on 
populations of grubs of the Japanese 
beetle (Popillia japonica Newm.), a num- 
ber of inquiries were received concerning 
the possible usefulness of these diseases 
in the control of larvae of other soil-in- 
habiting species. It is the purpose of the 
present) paper to summarize available 
data on the susceptibility of other seara- 
bacid species to infection by the organism 
causing the type A milky disease, de- 
seribed as Bacillus popilliae (Dutky 1940). 

For the most part the writer's knowl- 
edge of susceptibility of other searabaeid 
species is based on the results of infeetion 
tests on a limited number of individuals 
obtained incidentally during grub surveys 
in areas infested with the Japanese beetle. 
These data are therefore necessarily 
sketchy and lack continuity in respect to 
the systematic relationships of the larvae 
tested and methods of inoculation em- 
ployed. In a few instances larvae have 
heen obtained specifically for this purpose, 
and the data in these instances are more 
complete and comparable. 

The following is a summary of the re- 
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sults obtained with the scarabaeid species 
tested: 

Anomala orientalis Waterhouse.—Nat- 
ural infection of grubs of this species with 
milky disease was found in surveys in 
Connecticut by C. H. Hadley and R. T. 
White. Microscopie examination estab- 
lished that this infection was type A milky 
disease. Soil inoculation tests proved this 
species to be as susceptible to infection by 
feeding as is Popillia japonica. 

Autoserica castanea Arr.—This species 
has been found to be susceptible to type A 
milky disease when puncture inoculation 
and hypodermic injection were used. Only 
a few eases of natural infection have been 
found among thousands of larvae collected 
at localities where the disease rate among 
Popillia grubs was very high. 

Cotinis nitida (L.).--Several attempts to 
infect seeond- and third-stage larvae of 
this species by puncture and injection 
were successful. 

Macrodactylus  subspinosus (F.).—At- 
tempts to infect a limited number of lar- 
vae of this species were not successful. 

(‘ycloce phala* borealis Arr. —This species 
has been found to be susceptible to type A 


* Formerly called Ochrosidta. 
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milky disease infection by injection and 
puncture inoculation, and also to the type 
B form of the disease, caused by Bacillus 
lentimorbus (Dutky 1940). A few instances 
of natural infection with type A disease 
have been found. 

Phyllophaga spp. A number of species 
of Phyllophaga larvae have been infected 
with type A disease by injection, puncture 
inoculation, and feeding in inoculated soil. 
Many of these were not identified as to 
species. Of four third-stage Phyllophaga 
larvae obtained from W. P. Flint, of the 
Illinois Natural History Survey, and in- 
fected with type A milky disease by injec- 
tion, two were identified as Phyllophaga 
bipartita Horn, a third as Phyllophaga 
ephilida (Say), and the fourth could not 
be identified as to species, since the epi- 
pharynx was badly injured. 

A more complete study of the suscepti- 
bility of Phyllophaga species is now in prog- 
ress, with inoculation of larvae reared 
from known adults furnished through the 
cooperation of the Cornell University De- 
partment of Entomology. Preliminary 
studies to date have shown that second- 
stage larvae of Phyllophaga anvria LeC., 
P. fusea Frohl. and P. rugosa Melsh. are 
susceptible to type A milky disease. 

Strigoderma arboricola (F.).--Third- 
stage larvae of this species obtained at 
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Vineland, N. J., with the assistance of B. 
B. Pepper, of Rutgers University, were 
infected with type A milky disease by 
injection and puncture inoculation. A 
large proportion of successful infection 
was obtained in these studies, but a much 
smaller number of spores developed in the 
blood of infeeted individuals as compared 
with that of Popillia larvae injected simi- 
larly. 

Strigodermella pygmaea (F.).—A single 
vase of natural infection with type A 
milky disease occurred among. several 
hundred larvae reared in the laboratory 
for transmission tests with a microsporid- 
ian found in this species (Dutky & White 
1940). No additional infection tests were 
made with this species. 

Summary. Type A milky disease of 
Japanese beetle larvae has been tested 
against the larvae of a number of seara- 
baeid species other than Popillia japonica. 
Those found to be susceptible to infection 
by this disease were as follows: .fmomala 
orientalis, .lutoserica castanea, Cycloce- 
phala (Ochrosidia) borealis, Phyllophaga 
anria, P. bipartita, P. ephilida, P. fusea, 
P. rugosa, Strigoderma arboricola, and 
Strigodermella pygmaca. Two species that 
did not show susceptibility were Cotinis 
nitida and Macrodactylus subspinosus. 
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Fry Kitts Kir Mink 


Larvae of Wohlfahrtia opaca (Coquillett) have 
caused an annual loss of as much as $4,000 to in- 
dividual fur farmers of Utah and Idaho. One fur 
farmer of Logan, Utah, lost 450 kit mink in a 15-day 
period during the spring of 1939. Kit silver foxes on 
this and other farms have also been killed by larvae 
of this species during spring months. Although very 
young animals are usually affected, larvae may be 
found in mature animals. A mature larva was re- 
moved from an adult guinea pig at Logan during the 
summer of 1935. 

Gravid females of opaca deposit first instar mag- 
gots on the hair of the kit mink and the skin is pene- 


trated almost immediately. One maggot is usually 
found in each boil-like wound although two or three 
maggots in one wound are not unusual. As many as 
30 to 40 maggots may attack a single individual 
mink or fox. Affected animals usually die. 

The enclosing of all brood mink cages in one care- 
fully screened fly-proof enclosure practically elimi- 
nated such fly infestation on at least two Logan fur 
farms during the 1940 season —3-S-41. 

Grorce F. Utah Agricultural Ex- 
perimental Station, and Davin G. Haun, U.S. 
Department of Agriculture, Bureau of Entomology and 
Plant Quarantine. 


Testing the Possible Value of Milky Diseases for Control of 
Soil-Inhabiting Larvae 


R. Durky, 


Among the important recent develop- 
ments in investigations of the Japanese 
beetle (Popillia japonica Newm.) has been 
the discovery that two so-called milky 
diseases give a high degree of control of 
the grubs. One of these diseases, type A, 
is caused by Bacillus popilliae Dutky and 
the other, type B, by B. lentimorbus 
Dutky. This discovery has aroused an 
interest in the possible value of these or- 
ganisms in the control of other species of 
soil-inhabiting larvae. Methods that have 
been used at the Moorestown, N. J., labo- 
ratory of the Bureau of Entomology and 
Plant Quarantine in determining the ef- 
fect of the milky diseases are outlined in 
this paper. The laboratory methods have 
been followed with a number of species 
and the field methods have been used ef- 
fectively in some of the work with the 
Japanese beetle. 

In determining the usefulness of these 
organisms in the control of other  soil- 
inhabiting species, the natural suscepti- 
bility of the species to milky disease 
infection should first be established. Con- 
trolled feeding tests with various larval 
stages of the insect species should then be 
run to find out the portion of the larval 
period in which infection by feeding can 
be accomplished. On the basis of the re- 
sults of direct injection tests and = con- 
trolled feeding tests, and the available 
knowledge of the ecology and phy siology 
of development of the species under in- 
vestigation, satisfactory field-testing 
program can be set up whereby a mini- 
mum of effort and experimental layout 
will give sufficient data for analysis and 
interpretation. 

DrTeERMINATION OF THE DEGREE OF 
NATURAL Although 
there are several methods by which infor- 
mation on the susceptibility of a given 
species to the milky diseases can be ob- 
tained, inoculation of the larvae by direct 
injection is the surest and best way of 
establishing this criterion, since the exact 
inoculating dosage is known and a mini- 
mum of working material and time is re- 
quired. 

The general procedure employed in 
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these tests is as follows: healthy larvae of 
the species under test are injected with 
known numbers of spores and incubated 
in a moist chamber at a temperature of 
30° C. Additional larvae injected with 
sterile distilled water, as well as an unin- 
jected group, are incubated similarly to 
serve as controls and to check on the in- 
oculation technique and incubation con- 
ditions. The larvae are then examined 
periodically for the development of dis- 
vase. An inoculating dosage of 1 to 2 mil- 
lion spores per larva in an inoculating 
volume of 0.003 to 0.006 ce. has been 
found satisfactory for several larval stages 
of a number of insect species. The larvae 
may be held in tightly stoppered glass 
vials about 25 by 75 mm. in size, or pref- 
erably in individual tins of moist. soil 
with sprouted grass seed as food. Incuba- 
tion should be continued for about 15 
days, and during this period the larvae 
should be examined daily for disease de- 
velopment. Examination of the larvae 
under a low power dissecting microscope 
is a satisfactory method of observation. 
Macroscopic appearance of disease should 
in all cases be confirmed by microscopic 
examination of the blood of larvae sus- 
pected of being diseased. 

About 40 to 100 larvae should be suf- 
ficient for these preliminary tests and 
should be utilized as follows: 10 to 25 lar- 
vae injected with spore suspensions of 
type A milky disease, 10 to 25 larvae in- 
jected with type B milky disease spore 
suspensions, 10 to 25 larvae injected with 
sterile distilled water, and 10 to 25 larvae 
not injected. Only dried blood films con- 
taining spores of the two species of milky 
disease organisms whose virulence has 
been tested against Japanese beetle lar- 
vae should be used as stock for preparing 
inocula." 

Test TO SUSCEPTIBILITY TO 
Mitky Distase Inrection THrouGcu 
Frepinc.—The procedure for determin- 
ing infection through feeding is as follows: 
Soil of a suitable moisture content is 

' Stock culture slides of tested virulence will be made available 


for such tests by the Bureau of Entomology and Plant Quaran- 
tine as conditions permit. 
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treated with spore-tale preparation so that 
the inoculating dosage is 2 billion spores 
per kilogram. This will require 20 grams 
of the standardized spore-tale preparation 
per kilogram. Seed to serve as food mate- 
rial for the larvae is added at the rate of 10 
grams per kilogram. A mixture of 5 grams 
each of redtop grass seed and white Dutch 
clover seed furnishes a very superior food. 
The soil-tale-seed mixture is then brushed 
through a screen several times to insure 
uniform distribution of the several com- 
ponents, and the mixture is measured into 
2}-ounce deep drug tins at the rate of 35 
to 40 grams per tin. The tins are then sup- 
plied with healthy larvae, one per tin, and 
placed in a moist chamber at 30° C, 

The larvae are examined periodically 
for disease development for at least a 
month, every other day being a suitable 
frequency for examination. At each exam- 
ination the condition of the larvae should 
be recorded. Any change should be noted 
so that the time of initial appearance of 
symptoms can be determined. Macroscop- 
ic evidence of disease should in all cases 
be confirmed by microscopic examination 
of the blood of the larvae. Healthy larvae 
held in uninoculated soil should be simi- 
larly incubated to serve as controls 

Twenty-five to 50 larvae held in inocu- 
lated soil and a like number as controls 
should suffice for these tests, provided 
the larvae are at a stage where feeding is 
appreciable. With a susceptible species, 
about 60 to 75 per cent of the larvae in the 
inoculated series should develop. visible 
symptoms of the disease within a month. 

The optimum soil moisture for feeding 
tests depends, of course, on the physical 
character of the soil employed. It has been 
found that with a variety of soil types 
ranging from sands to mucks, the opti- 
mum moisture is approximately 60 to 65 
per cent of the ball point of the soil (that 
moisture content where the soil can be 
worked into a plastic mass with just an 
excess of free moisture). Standard spore- 
tale dust of tested virulence should be 
used for these tests.* 


2 Standard spore-tale dust of tested virulence will be made 
available for such tests by the Bureau of Entomology and Plant 
Quarantine as conditions permit. 
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Fietp Testing or Mitky Disease. 
The final criterion of the usefulness. of 
milky disease is, of course, successful re- 
sults in field tests. The general procedure 
to be followed in such tests is to inoculate 
the soil with the spore-tale preparation in 
such a manner that the spores will be in- 
troduced at the approximate soil level of 
maximum larval activity, and examine a 
reasonable sampling of the larvae periodi- 
‘ally for evidence of disease. Fairly heavy 
dosages of the material should be at- 
tempted first. Then, if successful establish- 
ment and control are obtained with these 
high dosages, the dosage should be lowered 
in a bold shifting-bracket procedure until 
the minimum successful dosage has been 
determined. For preliminary tests, areas 
having a high host population should be 
treated, but if no suitable locations with a 
high larval density are available for test- 
ing, areas to be treated should be infested 
artificially. 

For plot locations having an initial pop- 
ulation density of 10 to 25 larvae per 
square foot, treatment with a spore-tale 
material containing 100 million spores per 
gram is recommended. Plots about 400 
square feet in area should be used and 
about 3 plots for each method of applica- 
tion. The methods of application sug- 
gested are as follows: Dusting the soil 
surface, spraying the soil surface, and drill- 
ing into a depth of 3 to 6 inches. Each plot 
should receive 800 grams of the spore-tale 
mixture, or 2,400 grams for each series of 3 
plots. A plot 400 feet square would receive 
200 million spores per square foot per ap- 
plication. Three plots should be left un- 
treated, to be used as controls. A total 
area of 4,800 square feet would be re- 
quired and 7,200 grams of milky disease 
material. 

The plots should be examined at  bi- 
weekly intervals and sufficient diggings to 
obtain about 100 larvae in a sampling 
should be made. All treated and control 
plots should be examined at as nearly the 
same time as possible so that the sam- 
plings will be comparable. 

Macroscopic evidence of disease should 
be confirmed by microscopic examination. 

12-12-40. 
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Observations on Japanese Beetle Traps 
B. Warrington and Wn. E. Bicktey, University of Maryland, College Park* 


In an endeavor to increase the efficiency 
of Japanese beetle traps the investigation 
in 1938 and 1939 by Langford et al. (1940) 
was concerned primarily with the size and 
shape of the funnel, baffles, container, and 
the quantity of metal in trap construction. 
The efficiency of various types of traps 
and the height of traps were also studied. 
Further investigational work on traps in 
1940 included color, height, and combina- 
tions of color and trap construction. Re- 
sults of these investigations are presented 
in this paper. 

Tur Covor Factor. Previous experi- 
mentation in Maryland has been concerned 
primarily with trap design and construc- 
tion, and recommendations of the Bureau 
of Entomology and Plant Quarantine as 
to color of traps have been followed with 
one exception. An experiment involving 
twenty-four traps indicated that the color 
of the inside of the funnel was not an im- 
portant factor in influencing the efficiency 
of traps. The funnels of the Maryland 
1939 traps were painted green both on the 
inside and outside, as it was considered 
that the extra cost of painting the inside of 
the funnels white was not justified by the 
possible slight increase in efficiency. 

The careful work of Flemming et al. 
(1940) performed during the summer of 
1939 showed that yellow was the most ef- 
fective color for traps. Accordingly, in 
Maryland all new and reconditioned traps 
were painted yellow for the 1940 season. 
In green traps that did not need new paint 
white baffles were replaced with yellow 
bafflles. It was felt that it would be ad- 
vantageous to compare the effectiveness 
of yellow with certain other colors in a 
place where traps caught large numbers of 
beetles. 

For the color comparisons new Mary- 
land 1940 traps were painted six distine- 
tive colors. Height of traps, bait,' and fae- 
tors other than color were kept uniform in 
so far as possible. The experiment was set 
up as a latin square of 36 traps, 30 feet 
apart, and six traps of each color were 
used. A “fringe” of 28 barrier traps was 


* This work was undertaken in connection with the state-wide 
cooperative Japanese beetle program which is under the general 
direction of Dr. Ernest N. Cory and Dr. Geo. 8. Langford. 

' The bait used in all the investigations consisted of 9 parts 
geraniol and 1 part eugenol, by volume. 


placed around the square in an attempt to 
equalize the distribution of the beetle pop- 
ulation over the square. These barrier 
traps which were painted yellow caught 
approximately 942 pints of beetles during 
the experiment. 

The experimental traps were painted 
with automotive lacquers. Orange, yellow, 
and green were the colors used.? The pro- 


Table 1.—The relative efficiency of six colors of 
Japanese beetle traps; 222 trap-days, each color. 


Tora. Ava. Datty 
CatTcu CATCH PER 
CoLoR (PINtTs) Trap (Prints) 
Yellow 130.76 .59 
Yellow 
Green 3°% 117.61 .53 
Yellow 90% 
Green 82.86 
Yellow 75% 
Green 25% 78.51 .35 
Yellow 50° 
Green 50°; 92.01 41 
Orange 89.49 -40 


portions of the mixtures of yellow and 
green are given in table 1. The experi- 
ment continued from July 10 to August 
15, a total of 37 days. Traps were emptied 
six days a week—a total of 32 observa- 
tions. The experimental traps caught 
591.3 pints of beetles. Those painted solid 
yellow caught the greatest number of bee- 
tles (130.76 pints), and those painted with 
a mixture of 75 per cent yellow and 25 per 
cent green caught the smallest number of 
beetles (78.51 pints). The data given in ta- 
ble 1 were treated statistically by the 
method of analysis of variance, and it was 
found that the variation in the catch due 
to color was significant. It can be seen that 
yellow traps were more effective than 
those of the other colors and that the addi- 
tion of green to yellow decreased the effi- 
ciency of the traps within certain limits. 
Heicgut or Trap.—Investigations in 
Maryland performed in 1939 indicated 
2 DuPont Dulur, orange No. 93-1152, yellow No. 93-112, 
green No. 93-1950. This brand of paint is not necessarily superior 


to that of other manufacturers; it is named simply for purposes 
of color identification 
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that traps suspended 42 inches from the 
ground caught more beetles than those 
suspended 54 inches or 66 inches. This 
work was continued in 1940 on a slightly 
larger scale. Five batteries of traps were 
set up in a field of idle land. Each battery 
consisted of four traps spaced ten feet 
apart in a row. At every observation each 
trap was shifted or rotated in such a way 


Table 2.—The relative efficiency of Japanese 
beetle traps at four heights; 150 trap-days, each 


Toran Datty Catcnu 


Caton PER Trap 
Heicut (Pints) (Pints) 
30 inches 338.42 2.26 
42 inches 268.73 1.79 
54 inches 243.05 1.62 
66 inches 184.16 1.23 


that it occupied each position in the bat- 
tery several times. The last trap was al- 
ways shifted to the first position in the se- 
ries. The batteries were ranged about 150 
feet apart in different directions. Mary- 
land 1938 traps painted yellow were used, 
and all factors other than height were kept 
constant in so far as possible. 

The four heights were 30, 42, 54 and 66 
inches. The test was carried out from July 
17 to August 15, and the traps were emp- 
tied 26 times. More than a thousand pints 
of beetles were caught by the twenty 
traps as shown in table 2. Traps hanging 
at 30 inches caught more beetles than 
those at any other height, and the catch 
decreased progressively as the height of 
the trap increased. The data were treated 
statistically by the method of analysis of 
variance, and differences in catch due to 
height were found to be significant. This 
experiment indicates rather conclusively 
that where there is a heavy beetle popula- 
tion and where traps are operated in an 
open field without shade, they are more ef- 
fective when suspended close to the 
ground. 

VARIABLES IN CoLor AND Trap Con- 
sTRUCTION.—Because the color factor had 
not been considered to any appreciable ex- 
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tent in designing Maryland traps, plans 
were made to compare the efficiency of 
certain types of traps and to discover the 
relative importance of yellow and green 
when used on different parts of traps. For 


_instance, the question arose as to whether 


a green trap with a yellow baffle would be 
as effective as a solid yellow trap. The var- 
iables in color and construction of traps 
are given in table 3. The experiment was 
set up as a latin square of 36 traps with a 
fringe of 28 barrier traps. The latter 
‘aught approximately 823 pints of beetles 
and the experimental traps caught 615.36 
pints. The test extended over a period of 
$37 days, from July 10 to August 15, and 
the traps were emptied 32 times. The dif- 
ferences in catch of each type of trap were 
not significant. In this experiment, the su- 
periority of yellow over green was not con- 
clusively demonstrated. 


Table 3.—The influence of certain variables in 
color and construction on the efficiency of 
—— beetle traps; 222 trap-days each varia- 

le. 


Ava. 
Dairy 
Porat Caren 
Caren pen Trap 
Trap VARIABLES Pints Pixts) 
Mad. tose Yellow with vellow 
containers 88 45 
Mad. lose Yellow with glass con 
tainers 108 08 
Gov't Control Yellow with glass con 
Pat. #1968954) tainers 09.78 $5 
Gov't Scout Green and white (bait 
from felt wick 100.48 5 
Md. 1989 Green with vellow 
baffles 100. 40 45 
Md. 1939 Leaf color (entire trap)* 105.89 48 


* A medium green. An attempt was made to simulate the color 
of sassafras leaves. A small amount of charcoal was added to a 
mixture of the following approximate proportions: green 60°;, 
yellow 35°), and orange 5°, . 

ConcLusions... Comparisons of orange, 
yellow, and four mixtures of yellow with 
green indicate that traps painted yellow 
are more efficient. Variations in the height 
of traps show that traps suspended at 30 
inches catch more beetles than those at 42, 
54, or 66 inches. Modifications of colors of 
parts of traps and certain variations in 
construction produce no significant differ- 
ences in effectiveness. — 12-13-40. 


Literature Cirep 


Langford, Geo. S., Ernest N. Cory and F. B. Whittington. 1940. Inexpensive Japanese beetle traps. 
Jour. Econ. Env. 33(2): 309-16. 

Fleming, Walter E., Emory D. Burgess and Warren W. Maines. 1940. Relation of color to the effective- 
ness of Japanese beetle traps. Jour. Econ. Env. 33(2): 320-7. 


Statistical Problems in Estimating Populations 
of Japanese Beetle Larvae 


C. 1. Buss, New Haven, Conn. 


Insect: populations are estimated  pri- 
marily for two reasons: (1) to gauge the 
relative effectiveness of control operations 
and (2) for census purposes. The proce- 
dure changes necessarily with the objec- 
tive, but in either case an understanding 
of how a species varies in its normal habi- 
tat can aid in selecting an appropriate 
technique. That entomologists have ap- 
preciated this need is shown by several 
papers based on detailed counts of the 
variation in insect abundance over rela- 
tively limited areas (Beall 1939; Fleming 
& Baker 1936; Jones 1987; Meyers & 
Patch 1937). The analysis and interpre- 
tation of these results have not yet been 
varricd as far as the importance of the 
problem seems to warrant. The Bureau 
of Entomology and Plant Quarantine has 
very kindly made available the original 
counts of 3rd instar Japanese beetle lar- 
vae in 2,500 square foot samples in each 
of four areas. This material has been re- 
ported in a paper by Fleming & Baker 
(1986) to which the reader is referred for a 
deseription of the four areas or “plots” 
and of the method of recording the data. 
Because of the large number of individual 
mapped records and the wide range of 
population densities, these data justify a 
further study in the light of recent statis- 
tical developments. The problem may be 
approached from three angles: (1) What is 
the nature of the variation in population 
density? (2) In view of this variation, 
how should insecticidal experiments be 
planned? (3) How can the counts in an in- 
sect survey be distributed most effectively ? 
The present paper is restricted to the 
first two of these topies. 

RELATION TO THE Poisson Sertes.— It 
is common knowledge that the number of 
insects per unit area of habitat will vary 
from one unit to the next even under the 
most uniform conditions. Since the num- 
ber of individuals is always a whole num- 
ber, taking values of 0,1,2,3 . insects 
per unit, the distribution of these units is 
said to be discontinuous. If each unit in a 
given area is equally exposed to infesta- 
tion, so that they differ from one another 
entirely at random, they will agree with 


the Poisson series. Then the number of 
units without insects, with 1 individual, 
with 2 individuals, with 3 individuals up 
to the most heavily infested unit with n 
individuals will occur with a frequency 
which can be computed from the mean 
number of insects per unit and the total 
number of units. The discontinuous varia- 


tion defined by the Poisson series may , 


usually be considered as the irreducible 
minimum, to be observed only under the 
simplest and most uniform conditions, but 
it is of interest as the base upon which the 
other sources of variation are superim- 
posed. 

To show the type of variation in Japa- 
nese beetle larvae that is to be expected 
from the Poisson series, two frequency 
distributions have been plotted in the his- 
tograms (Fig. 1). The distribution at the 
left represents an especially uniform 18 by 
20 ft. section of 360 unit counts in area No. 
4, the most lightly infested of those re- 
ported by Fleming & Baker. The observed 
number of larvae per sq. ft. varied from 0 
to 9 individuals with a mean of 2.556, 
from which the expected values shown by 
the broken line were computed as de- 
scribed in Section 15 of Fisher’s text 
(Fisher 1938). The observed values agreed 
satisfactorily with those computed from 
the mean, x*=3.83 for n=6, indicating a 
random distribution. The distribution at 
the right in figure 1 represents a similar 
portion, selected for its apparent uniform- 
ity, from the most heavily infested area, 
No. 1. It, too, has been fitted by the Pois- 
son series for an average population of 
26.886 larvae per sq. ft., as shown by the 
broken line. In the case of larger numbers, 
however, there was a tendency to count 
larvae to the nearest 5, so that the number 
of units with 20, 25, 30 and 35 larvae ex- 
ceeded expectation significantly. This 
“observer's bias” was responsible for 
much of the significant departure from a 
random distribution, as measured by x?= 
49.90 for n=21. 

It is a characteristic of the Poisson se- 
ries that the variance, or square of the 
standard deviation, shall be equal to the 
mean. This was approximately true for 
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Table 1.—Analysis of variance for the data plotted as frequency distributions in figure 1. 


DeGREES 
; OF Sum of 
Variation Between FREEDOM squares 
Means of blocks of 12 units 29 144.90 
Units within blocks 330 838.00 
Total 


359 982.90 


Mean number of larvae per 
sq. ft. for 360 units 


From Area No. 4 


From Area No. 1 


Mean Sum of Mean 

square F squares square F 
+. 996 1.97 2058.4 70.98 2.28 
2.539 l 10287 
2.738 123463 34.39 

2.556 26.89 


the two selected portions plotted in figure 
-1, the mean of the distribution from area 
No. 4 being #=2.56 larvae and its vari- 
ance s°=2.74, the corresponding values 
for area No. 1 being #=26.89 and s*= 


Ons 


as 


TS 


OF PER UN T SQUARE 


Fic. 1.—Frequency distributions for 360 unit counts 

in areas No. | and 4, with the curves expected for a 

random distribution of larvae as computed from the 
mean by the Poisson series. 


34.39. In both cases, however, the vari- 
ance was larger than the mean and it is 
pertinent to ask if this might not have 
been due to unequal exposure to infesta- 
tion, even over an apparently uniform sec- 
tion as small as 18 by 20 ft. To test this 
point, each section of 360 sq. ft. was sub- 
divided into 30 blocks measuring 3 by 4 
ft. and the variation between the means of 
these 12 sq. ft. blocks compared with the 
variation of the original sq. ft. units about 
these 30 means. The analysis of variance is 
tiven in table 1. In both cases the varia- 
tion between blocks was highly significant 
(P<.01) in comparison with that within 
blocks, demonstrating that even in sec- 
tions as small as 360 sq. ft. and of appar- 
ent uniformity, the mean larval density 
varied significantly. 


Tue Distrisution or Lar- 
Derinep. Having established the 
non-random character of these larval popu- 
lations, how could their observed distri- 
butions be described? Neyman (1939) has 
proposed a “contagious distribution” on 
the hypothesis that eggs are laid in masses 
and that the larvae on hatching migrate in 
all directions. An excessive number of un- 
infested and of heavily infested units char- 
acterizes this distribution, a condition 
which did not occur in the two series plot- 
ted in figure 1. The Japanese beetle has 
been reported to lay eggs only in small 
groups and not in masses, so that migra- 
tion probably would have obliterated any 
tendeney toward a “contagious” form by 
the time the larvae had reached the third 
instar. A distribution of black scale popu- 
lations in counts on orange trees which 
differed both from the Poisson and from 
Neyman’s contagious distribution has 
been reported recently by Upholt & Craig 
(1940), but the larval populations of the 
Japanese beetle did not resemble this form. 
Beall (1940) has proposed in a preliminary 
note a new transformation based upon a 
non-random distribution of insect popula- 
tions, which may prove applicable when it 
is published in full. 

The determination of the frequeney dis- 
tribution of an insect encounters two dif- 
ficulties. If the area is large enough to re- 
duce the sampling error to reasonable pro- 
portions, field heterogeneity may play a 
predominant and distorting role. If the 
size of the area is reduced to minimize field 
heterogeneity, the small number of units 
and correspondingly large sampling error 
do not allow a satisfactory definition of 
the distribution. Modern methods of field 
experimentation reduce the error from 
field heterogeneity by restricting block 
size, so that a description of the larval dis- 
tribution should fall within this limitation. 
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A suitable analysis seems to be that fol- 
lowed by Bartlett (1936a), 7.¢.: that the 
variation in the number of larvae per unit 
is a resultant of two components, (a) the 
Poisson series where the variance is equal 
to the theoretical mean number of larvae 
at any given point, and (b) a variation in 
the expected number or the exposure to 
infestation as the area under study is en- 
larged. The variances in the first line of 
table 1, for example, exceed those in the 
second line largely because of this second 
component in the variation. The relative 
importance of the two factors can be stud- 
ied from the relation of the variance to the 
observed mean within blocks. 

For defining the observed distribution 
of larvae more exactly, especially as it 
may modify the handling of experimental 
data, the four areas of the experiment 
have been subdivided into 144 compact 4 
by 4 ft. blocks and the mean and variance 
determined for each block. Two  proce- 
dures are available for relating the vari- 
ance to its corresponding mean. The more 
direct, following Bartlett (19836b), is to 
plot the variance (s*) against the mean 
(%) in the original units and to compute 
the equation 


(1) 


where the components a21 and b/a20 
are based respectively upon the linear and 
quadratic terms in a polynomial equation. 
If a does not differ significantly from 1 nor 
b from 0, the variation in insect abundance 
is random and accords with the Poisson 
series. 

The data for areas No. 1 and 2 have 
been plotted in this way in figure 2, com- 
bining the data from blocks with similar 
means. Straight lines have been drawn 
from 0 through the average mean and var- 
iance for each series, leading to a= 1.348 
for area No. Land to the steeper a= 2.067 
for the more heterogeneous area No. 2 on 
the assumption that b=0 in both cases. If 
the larvae within the 4 by 4 ft. blocks of 
either area had been distributed entirely 
at random, the observed values in figure 2 
would have clustered about the broken 
line defined by the Poisson law. Since both 
series fell well above this theoretical value, 
the sq. ft. units within the blocks of both 
areas differed significantly in their expo- 
sure to infestation. One limitation to this 
approach to the problem is evident from 
the scatter of the points in figure 2, which 
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deviate more widely from the line in the 
more heavily populated portions of both 
areas. The reduced stability of the larger 
variances would need adjustment by 
weights in order to compute 6 and deter- 
mine its significance. 
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/ WITHIN BLOCKS 
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Fic. 2.-Relation of the variance (s*) to the mean 

(¥) of 144 4 by 4 ft. blocks in areas No. 1 and 2, the 

data for blocks with similar means being combined 

in each point. The expected curve is that based upon 
the Poisson series. 


An alternative is to plot the variance 
against the mean in logarithmic units, 
which tends to equalize the variation in 
s*. The variance for 4 by 4 blocks in all 
four areas has been plotted against the 
mean on a double logarithmic grid in Figs. 
3 and 4. Despite the width of the band of 
plotted points, it increased but slightly 
with the mean and indicates a linear trend. 
The Poisson law would define the line 
log-s* = log-#, which is shown by the brok- 
en line in the diagrams. The observed rela- 
tion, however, may be defined by the 
straight line 

log-s? =log a+b log-z 
or 
(2) 
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Table 2.—Relation to log-x of the variation in log-s* about the curves for a random distribution of 


larvae, as plotted in Figs. 2 and 3. 


Source oF VARIATION 
Departure from Poisson law of 
single Eq. 2 computed for all four 
areas 


Variation of four curves for the Differences in a 
separate areas about combined 
Eq. 2 Differences in 


Residual variation, independent of log-# 


Total variation in (log-s?—log-z 


Observed a vs. a=1 


Observed b vs. b=1 l 


DerGREES Sum 
OF or Mean Variance 
FREEDOM SQUARES  SQuARE Ratio 
6.485 6.483 161.00 
1.059 1.059 26.29 
3 4.137 1.379 
3 0.548 2.88 
568 22.875 0408 


34.902 


a form of equation which probably could 
not be distinguished from Eq. 1 with a 
zone of variation as wide as that occurring 
in figures 3 and 4. 

Because of the relative stability of the 
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Fig. 3.— Relation of the variance to the mean of 4 by 4 


ft. blocks plotted separately on a logarithmic scale, 
areas No. | and 3. 


variation in log-s*, the four areas could be 
compared by the analysis of variance in 
table 2. The variation in log-s? about its 
general mean totalled 134.40 for the sum 


of squares, of which nearly }{ could be 


accounted for by the Poisson law on the 
assumption that in each of the 576 blocks 
the variance should exactly equal the 
mean number of larvae. The analysis of 
variance in table 2, therefore, has been 
computed from (log-s?—log-%) and from 


the relation of these differences to log-z 
tests how extensively the distribution of 
larvae within the 4 by 4 blocks departed 
from a random arrangement. 

The analysis may be considered in refer- 
ence to the three sets of lines in figures 3 
and 4, which show (1) the relation be- 
tween the variance and the mean expected 
from the Poisson law, from which all devi- 
ations have been measured, (2) that ob- 
served when Eq. 2 was fitted to the ob- 


| 
« 
see 
‘ 
4 
Fic. 4. Relation of the variance to the mean of #by 4 


ft. blocks plotted separately on a logarithmic scale, 
areas No. 2 and 4. 


servations without distinguishing between 
areas and (3) the relation when the same 
equation was computed separately for 
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each of the areas. The first two rows in 
table 2 measure the discrepancy of the av- 
erage curve, defined by the equation log-s? 
=0.0188+1.1104 log-® or s°=1.0447 
(F°"), from the theoretical line below it, 
the next two rows the variability between 
similar curves computed for the four areas 
separately and the fifth row the residual 
variation or error which was independent 
of log-%. As may be judged from the vari- 
ance ratios, all four of these discrepancies 
were significant, the first three highly sig- 
nificant, so that Eq. 2 seems to be ade- 
quately sensitive for this type of study. 

The parameter a differed more than 6 
from the values expected for a uniform ex- 
posure to infestation. The divergence of 
the average a from 1 accounted for six 
times as much variation in log-s? as the 
mean divergence in b; between areas dif- 
ferences in a were responsible for nearly 
twelve times as much variation as differ- 
ences In 6. To test the effect of a change in 
block size, the most unevenly infested of 
the four areas, No. 2, was grouped into 
progressively larger blocks, from 4X4 ft. 
to SS ft. and 16X16 ft. subdivisions, 
and the equation relating log-s? to log-z 
fitted to each. The three values of 6 were 
1.05, 1.04 and 0.96 respectively. These 
were so nearly 1 that the corresponding 
values of a were computed as log a= 
log-s° — log-# to obtain 1.80, 2.59 and 3.32. 
As the blocks included a larger part of the 
field heterogeneity, the change was re- 
flected in a rather than in b. 

Tue Savare Roor 
FOR STABLILIZING Variance. The type 
of variation in insect abundance has a di- 
rect bearing upon the selection of an ap- 
propriate transformation when the analy- 
sis of variance is applied to counts of in- 
sect frequeney, such as the present data. 
It is characteristic of the analysis of vari- 
ance that a single estimate of experimental 
error is assembled from all blocks and all 
treatments in the experiment and used to 
discriminate between various combinations 
of the component treatments. When the 
number of individuals per unit serves as 
the criterion of effect and this number 
differs markedly between treatments or 
between blocks, the pooled error includes 
necessarily heterogeneous components 
and hence may not discriminate correctly 
between treatments. This complication 
has been solved by transforming the ini- 
tial counts to units for which the variance 
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is independent of the mean. Bartlett 
(1936a) has shown that for data showing a 
Poisson distribution the variation be- 
tween the individual numbers (%) could be 
equalized by transforming them to V ror, 
if many units contained fewer than 4 or 5 
individuals, to \V «+0.5. Moreover, the 
transformation is equally effective if a in 
Eq. 1 or 2 is constant, even though it dif- 
fers significantly from 1. 

It has been suggested by Cochran that 
when in Eq. 2 6<2, the equivalent trans- 


MEAN NUMBER OF LARVAE FOR BLOCK - 


Fic. 5.—Effect of transforming the count for each 
square foot from the number of larvae (2) to 


\/r+0.5 in stabilizing the relation of the variance 
to the mean in the 144 blocks of area No. 2. 


formation is 2' '*.* In the present case, 
therefore, the number of larvae per sq. ft. 
should be transformed to x‘ instead of 
x. This refinement would increase the 
stability of the variance by about 4 per 
cent with a quite considerable increase in 
the labor of computation. The much more 
important source of instability, that in a, 
would be unaffected. Since the simpler 
transformation to square roots accounted 
for 95 per cent or more of the variability in 
* which could be linked to differences in 
the corresponding means, it is probably 
adequate for most experiments on the 
Japanese beetle larva. 

The stabilizing effect of the square root 
transformation has been tested by chang- 
ing the number of larvae (x7) in each of 
2,304 sq. ft. of variable area No. 2 to 
\ «+0.5. The variance in 4 by 4 ft. blocks 
of these transformed units has been plot- 
ted against their means in figure 5. On 


* When b=2, the logarithmic transformation should be used. 
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large sample theory the variance is then 
independent of the mean and equal to 0.25 
if the distribution is random or to 0.25 a if 
a in Eq. 1 differs from 1. However, when 
blocks contain fewer than 4 or 5 individu- 
als per unit, smaller variances are ob- 
served and Bartlett (1) has computed the 


| 


Fic. 6.—Scheme for grouping square foot units and 
blocks for determining the errors of successive in- 
crements in block size shown in table 3. 


relation which may be expected for the 
transformation to \ «++0.5. His expected 
values have been multiplied by a= 2.066, 
the slope of the straight line for area No. 2 
in figure 2, and plotted in figure 5. The ob- 
servations scattered more or less uniform- 
ly about this line and the trend relating 
the variance to the mean has largely dis- 
appeared. 

Revation or Fretp Hereroceneiry 
To Biock Size.— The larvae in 4 by 4 ft. 
blocks varied in number from one sq. ft. 
unit to another because of two factors, a 
random component and that due to field 
heterogeneity. How did this field hetero- 
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geneity change with the size of the block? 
The initial sq. ft. units have been grouped 
into 4 by 4 ft. blocks and these in turn 
combined progressively into larger blocks 
measuring 8 by 8 and 16 by 16 ft. on a 
side, as shown diagrammatically in figure 6. 
The additional or new variation intro- 
duced by each such enlargement in the 
block has been determined for the data 
from area No. 2 by the application of the 
analysis of variance to subsampling. To 
focus attention upon the non-random ele- 
ment the computation has been based 
upon the number of larvae per square foot 


transformed to 

By means of the analysis of variance in 
Table 3 the sum of the squared deviations 
between all of the initial units and the 
general mean for the entire 48 by 48 ft. 
area has been partitioned into four com- 
ponents. The first component was the var- 
lation between the nine 16 by 16 ft. bloeks 
the largest subdivision in the experiment. 
Each of these consisted of four 8 by 8 ft. 
blocks which differed in their respective 
populations. The mean square between 
the smaller 8 by 8 ft. blocks within the 
larger 16 by 16 ft. blocks measured the 
variation in these more restricted portions 
of the field, given in the second line of the 
table. Each 8 by 8 ft. block consisted sim- 
arly of four still smaller blocks measuring 
4 by 4 ft. square and the mean square for 
the differences between the latter aggre- 
gates within the 8 by 8 ft. blocks is listed 
in the third line of the table. As the final 
component, we have in the fourth line the 
variation between the initial 1 ft. units 
within the 4 by 4 ft. blocks. 

The mean squares of table 3> showed 
that blocks of one size differed more than 
would be expected from the variation be- 
tween units of the next smaller size. Each 
enlargement in the area of a block added 
a new element to the variation ascribable 


Table 3.—Separation of the variance contributed by successive increases in size of block in 
Area No. 2, the number of larvae in each square foot (x) having been transformed to , x+.05. 


DEGREES 
oF 
VARIATION FREEDOM 


Net 


MEAN SQuare VARIANCE 


Retween 16 16 ft. blocks 8 101. 230 = 2568 649,2+ 0.3435=s2 
Between 8X8 ft. blocks 

within 16X16 ft. blocks 27 13. 508 = 6492+ 0.156=s2 
Between 4 4 ft. blocks 

within 8X8 ft. blocks 108 3.517 = 168,2+ 0. 189= 8,2 
Between sq. ft. units 

within 4X4 ft. blocks 2160 0. 489= 9,2 0. 489= 


| | 
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to an increasing divergence between block 
means. Hence the mean square in table 
$ for blocks of a given size included both 
the variation which would be expected 
from that between their components and 
in addition that due to a real difference be- 
tween block means. The equations relat- 
ing these terms, described in detail by 
Yates & Zacopanay (1935), are shown in 
table 3 together with the net variances, 
xs? to s?, for the different size of block. 
The variation between individual units 
within the smallest aggregates was nearly 
twice that expected if the larvae had been 
distributed entirely at random and larger 
than any individual step in increasing 
block size. 

Information of this type is especially 
useful in planning experiments. Thus if in- 
dividual plots measuring 4 by 4 ft. were 
combined in blocks of four plots each, the 
variance of a single plot based upon the 
number of larvae in 1 sq. ft. per plot would 
be equal to so?+s°=0.68, but if 2 sq. ft. 
were counted, the expected variance is 
2=0.43. An experiment with 16 
4 by 4 ft. plots per block would involve a 
larger variation in the mean infestation 
and have an expected plot variance of 
+s,°=0.83 for a single count or of 
2=0.59 for a count of 2 
sq. ft.; relatively a smaller gain. This gen- 
eral relation can aid materially in selecting 
an efficient experimental procedure. 

Errecr or Restrierion Design 
UPON THE VaLipiry OF AN EXPERIMENT. 

The effect of field heterogeneity upon 
experimental design can be examined most 
readily in terms of a hypothetical experi- 
ment. Let us suppose that eight soil treat- 
ments are to be compared, one of the eight 
being the untreated check. We will further 
assume that each is replicated 8 times in 5 
by 6 ft. field plots, a 1.5 ft. margin in each 
plot being rejected to avoid contamination 
from neighboring plots. Thus 6 sq. ft. 
would be available for counting the larval 
population in each plot. A hypothetical 
experiment has been laid out on this basis 
on the charts of original data for all four 
areas. From the 6 sq. ft. in the center of 
vach plot, three units were selected at ran- 
dom in areas Nos. 1 and 2 and two units 
in areas Nos. 3 and 4, the results in the 
most heavily infested area, No. 1, being 
shown in table 4 in the same relation as 
the plots in the field. Samples of this size, 
forming so-called “uniformity trials” 
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since there were no treatments, can be 
used for testing various alternatives. 

As a first question, what were the rela- 
tive advantages of assigning treatments to 
plots (1) in compact large-scale plots of 
eight “subplots” each, (2) entirely at ran- 


Table 4.—Number of larvae in each of three 
sq. ft. units, selected at random, from the 6 sq. 
ft. in the center of each plot of the hypothetical 
experiment in Area No. 1. Rulings indicate the 
subdivision into blocks. 


8 7 9 18 10 #2 #11 7 
6 5 9 19 HH 
9 12 9 12 | 10 #10 8 19 


26 12 2 5 HR 
22 12 16 3 11 9 12 @ 


6 6 9 9 +14 
9 13 14 10 14 
8 17 6158 


2 19 8 10 18 417 #18 
6 14 21 @i 17 
14 17) (10 9 4 4 19 


4 23 16 14 40 
2 18 34 31 
28 28 W@W 2 25 16 16 2 


30 27 2 16 12 18 
25 34 27 26 «621 10) «16 
7 3 @W 22 14 2 24 


24 21 2 2 2 18 
29 30 30 @ 16061506 
26 30 14 41 17, 


24 30 3 18 20 17 24 
31 6 27 @ 16 #18 
23 32 2 21 17 +14 


dom to individual plots, (3) in randomized 
blocks and (4) in randomized latin squares. 
On the basis of the variances observed in 
subsampling, the square root of the total 
larvae in 2 sq. ft. of each plot in area No. 1 
\ b+e+0.5, has been adopted as the unit 
and the four possibilities compared by the 
analysis of variance in table 5. The first 
design is equivalent to an experiment 
where each treatment is applied uniformly 
over a single large plot which is recorded 
by means of eight equally-spaced samples. 
Even in the absence of real treatments, 
the eight large-scale plots differed very 
significantly in their larval populations. It 
is clear that plots which have been treated 
differently and not replicated, even 
though sub-sampled, cannot be relied 
upon to differentiate between treatments. 
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The first step in correcting such a design is 
to assign the treatments at random, each 
to eight plots, giving the result in the sec- 
ond part of table 5. Here there was quite a 
different partition to “treatments” and to 
error of the same total sum of squares be- 
tween the 64 plots, with the mean squares 
for “treatments” and for error nearly 
equal, showing that randomization alone 
would insure an unbiassed comparison of 
treatment effects. Such an arrangement, 
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senting different portions of the same pas- 
ture, randomized blocks were as efficient 
as latin squares, while in areas Nos. 3 and 
4, both of which were in corn fields, the 
latin squares showed a slight advantage. 
Though slight, the difference suggests that 
the heterogeneity in larval populations in- 
festing crops planted in rows can be segre- 
gated more satisfactorily by removing row 
and column differences with a latin square 
design, but that in uniform pasture or 


Table 5.—Effect of design upon the reliability and precision of a ‘‘dummy experiment” in area No. 


1, based upon a count of the larvae in 2 sq. ft. of each plot, transformed to square roots. 


DEGREES Sum 
Mean 
DesiGNn VARIATION FREEDOM SQUARES SQUARE 
“Treatments” in compact large- Between “treatments” 7 57.19 8.170 15.96 
scale plots, each of 8 “sub-plots” Within “treatments” 6 28 67 0.512 1 
Total 63 85.86 
“Treatments” assigned entirely Between “treatments” 7 10.11 1.445 1.07 
at random Error 56 75.75 1.353 l 
Total 63 85.86 
Randomized blocks each of 8 Between blocks 7 57.19 8.170 
plots Between “treatments” 7 2.25 0.322 0.60 
Error 9 26.42 0.539 l 
Total 63 
Randomized 8X8 latin square Between rows 7 52.20 7.429 
Between columns 7 8.28 1.188 
Between “treatments” 7 2.90 O.418 0.77 
Error 42 22.47 0.535 l 
Total 63 S6 


however, would be highly inefficient in the 
present case. As shown in the lower half of 
table 5, restrictions in the randomization, 
either through 2 by 4 plot blocks or an 
8X8 latin square, have segregated and 
immobilized two-thirds of the total varia- 
tion in our hypothetical experiment. With 
either design the effects of “‘treatments” 
agreed well with the much-reduced error. 
To obtain the same precision without re- 
strictions in plot arrangement would re- 
quire 2.6 times as many replicates or 21 
instead of eight plots for each treatment. 

Randomized blocks have been compared 
with latin squares for all four areas in ta- 
ble 6, in terms of mean squares from the 
analysis of variance. In all cases the varia- 
tion between the non-existent “‘treat- 


ments” agreed satisfactorily with the esti- 
mate of error. In areas Nos. 1 and 2, repre- 


grass land randomized blocks may be 
quite as satisfactory. 

PRECISION IN EstiMATING PERCENTAGE 
Controi.— Although the mean popula- 
tion densities differed from 2.8 to 18.5 lar- 
rae per sq. ft., the mean squares for error 
remained nearly the same in terms of the 
transformed units, except for variable 
area No. 2. About the same difference be- 
tween treatment means for 2 sq. ft. of plot 
would be required in area No. 4 as in area 
No. 1 in terms of square roots (Table 6). 
However, the percentage reduction in the 
number of larvae which would pass as just 
significant varied with the population den- 
sity. 

Bartlett (1936b) has examined the pre- 
cision of insecticidal experiments based 
upon a count of the survivors. By infer- 
ence from his equation, the standard error 
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of the percentage control is 
_ 100 /q a 
z 
where 7 is the mean population density 
per plot prior to treatment (or without 
treatment) in units of 2 or #+0.5, NV 
is the number of plots for each treatment, 
a measures the departure from a Poisson 
or random distribution as determined 
from Eq. 2, ¢ is the proportion of insects 
surviving the treatment and z is the ordi- 
nate of the normal curve corresponding to 
q. The ratio g/z* is minimal between 70 
and 80 per cent kill and from 50 to 90 per 
cent control exceeds the minimum by less 
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rectly with the appropriate error from the 
analysis of variance. Not infrequently the 
treated plots will show a greater consist- 
ency than the untreated checks, even 
after transformation to square roots, and 
in such cases the latter component should 
be excluded from comparisons of treat- 
ments. Statistical tests in terms of the 
percentage control and its error result in a 
needless loss in precision. 

When the standard error of a percent- 
age control is required, it is preferable to 
reverse each step in the transformation 
and compute the observed error from the 
mean square for error in the analysis of 
variance. Assuming that in the hypo- 


Table 6.—Comparison of latin squares and randomized blocks as tested on all four areas, each 


based upon a count of 2 sq. ft. per plot transformed to square roots for the analysis of variance. 


DEGREES MEAN SQUARES FoR AREA 


VARIATION OF 

Desicn Dvr To FREEDOM No. 1 No. 2 No. 3 No. 4 
8 Randomized blocks, Blocks 7 8.170 8.386 2.045 0.935 
each of 8 plots. “Treatments” 7 0.322 2.054 0.284 0.205 
Error 49 0.539 1.452 0.628 0.497 
Randomized 8X8 latin Rows 7 7.429 1.345 1.441 0.404 
square Columns 7 1.183 3.435 1.639 1.395 
“Treatments” 7 0.414 0.998 0.525 0.434 

Error 42 


0.535 1.637 


0.520 0.397 


Number of replicates required for randomized blocks rela- 


tive to latin squares 0.99 0.99 1.12 1.14 
Mean number of larvae per plot 37.09 17.19 9.86 5.67 
Mean of square root units 6.02 4.00 3.10 2.38 
Required difference at P=.05 between means of 8 plots 0.73 1.26 0.72 0.63 


than one-fourth, so that this level of kill 
should be the objective in planning insec- 
ticidal treatments for experimental test. 
Since the error in estimating control is in- 
versely proportional to the mean popula- 
tion density in square roots, the mean of 
the transformed units in each area of table 
6 serves as a convenient index to the ex- 
pected error. With 2 sq. ft. counted in 
each plot, the percentage control in area 
No. 1 would be determined with a preci- 
sion 2.5 times that in area No. 4. 

The relation in Eq. 3 exposes the effect 
of different factors upon the error of the 
percentage control and is useful in the 
planning of insecticidal tests. However, 
for determining the statistical significance 
of differences between treatments, differ- 
ences in the mean surviving populations in 
square root units should be compared di- 


thetical experiment in area No. 1 (Table 
6), one treatment had killed 70 per cent 
of the larvae, the standard error of the 
percentage control expected from Eq. 3 
would be 10.1 per cent as compared with 
11.4 per cent observed empirically from 
reversing the transformation. The pre- 
cision lost by first transforming to the 
percentage control, if the untreated checks 
should be no more variable than the 
treated plots, can be illustrated by assum- 
ing a just significant reduction in the 
population (in square root units) from the 
level for a 70 per cent control. The sig- 
nificantly more effective treatment would 
kill 82.2 + 11.6 per cent as compared with 
70.0 + 11.4 per cent, although these stand- 
ard errors of the percentage control would 
not have differentiated between the two 
treatments. 


— 
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INCREASE IN PRECISION FROM Sam- 
PLING BEFORE TREATMENT. The above 
computations have been based upon the 
population in 2 sq. ft. samples taken at 
random from the 6 sq. ft. available in the 
center of each plot. How would the pre- 
cision be increased by an additional sam- 
ple and should this be collected before or 
after treatment? Using randomized block 
designs and three samples (a, 6, and ¢) 
selected at random from each plot in areas 


Table 7.—Comparative efficiency of recording 
a third sq. ft. unit per plot in advance before 
applying the treatments vs. later at the time of 
scoring insecticidal results, the former in terms 
of mean squares reduced by covariance and the 
latter of mean squares on a sq. ft. basis; ‘‘dummy 
experiments” arranged in 8 randomized blocks 
as in Table 6. 


Timine or Count 
Revative to Treatment 


Deckers 


VARIATION oF Before, After, Before, After, 
Duk te FrReepom Area Area Area Area 
No. 1 No. 1 No. 2 No. 2 
Blocks 7 2.375 11.154) 1.020 $935 
“Treatments” 7 0.306 0.622 O.856 2.580 
Error 0.400 O 877 
49 O.792 2.017 
Error per 55 0.194 0.487 
ft. unit 56 0.257 0.696 


No. 1 and 2, these data were analyzed by 
two procedures. On the assumption that 
all samples were taken at the same time 
after treatment, the number of larvae (.r) 
in each sq. ft. was transformed to y 2+-0.5 
and an analysis of variance computed 
from the sums of the three transformed 
values and then reduced to the basis of a 
single unit. The resulting mean squares 
or Variances are given in columns 3 and 5 
of table 7. On the alternate hypothesis 
that one count (a) preceded treatment 
and that two additional sq. ft. (b and e¢) 
were examined after treatment, the second 
population rating in terms of b+¢+0.5 
was corrected by covariance for variations 
in the first sample expressed as , a+0.5. 
The final reduced mean squares for blocks, 
“treatments” and error were computed as 
described by Fisher (1938) and are given 
in columns 4 and 6 of table 7, the error 
row then representing 48 instead of the 
49 degrees of freedom available without 
covariance. 

Both procedures gave “treatment” ef- 
fects that agreed well with the error. 
Since the “treatments” were non-existent, 
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the sums of squares for “treatments” and 
for error were added and their respective 
means reduced to the error per square 
foot by dividing by 3 for results based 
upon 3 post-treatment” counts and by 2 
for those based upon 2 post-‘‘treatment” 
counts but corrected from pre-“‘treat- 
ment” data (last row of table 7). In both 
areas the use of an initial count gave the 
smaller variance. To obtain the same pre- 
cision with all counts delayed until after 
treatment would require a 30 (area No. 1) 
to 60 (area No. 2) per cent increase in the 
number of replicates. Although this loeal 
control reduced the excessive variation in 
area No. 2, it still provided less than half 
as much information as the more uniform 
area No. 1. The expected improvement 
from an initial sampling of 1 sq. ft. rep- 
resents, of course, an upper limit, since in 
practice larval migration in the interval 
between counts and disturbance of the 
soil prior to treatment probably would 
reduce the correspondence between the 
early and late samples. 

Tue oF Square 
Foor Unirs per Prior. In any experi- 
ment upon a soil insect, the labor of col- 
lecting and separating soil samples limits 
the area per plot which can be examined. 
For a given population density and tim- 
ing of counts, comparisons between treat- 
ments can be made more precise by 
increasing the number of replicates or 
blocks or by examining a larger area in 
“ach plot. The most efficient combination 
of these two procedures depends upon the 
extent to which the number of replicates 
‘an be reduced as the number of unit 
samples per plot is increased. This, in 
turn, is determined by the magnitude of 
the sampling variance relative to the plot 
variance as estimated by subsampling. 

Three square foot units per plot were 
available in the data of table 4 for area 
No. 1 and in the equivalent data for are: 
No. 2. Each individual unit was trans- 
formed to 2+0.5 and the variance 
between sq. ft. samples within plots com- 
puted as s°=0.309 for area No. 1 and 
s°=0.453 for area No. 2. The row for 
error in table 7 was equal to 3s.*+.s;° for 
the columns based upon 3 “post-treat- 
ment” samples and to 2so°+.s,° for those 
where the third unit was counted in ad- 
vance of the imaginary “treatment.” 
Hence the constant factor associated with 
differences between plots within blocks 
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without a preliminary count amounted to 
s2=0.154 and 0.545 respectively for the 
two areas and with correction by covari- 
ance to so? =0.039 and 0.211. An increase 
in the number of sampling units (n) per 
plot reduces the sampling variance s,° 
“4 has no effect upon the plot variance 

However, the precision of the treat- 
comparisons depends upon both 
terms, so°+s,/n, so that there is little 
advantage in increasing n be yond the 
point where s;°/n is less than s2*. Two sq. 
ft. per plot: would exhaust most of the 
advantage to be gained from decreasing 
the sampling error in experiments with- 
out pretreatment counts. 

When at all practicable, a preliminary 
count is to be recommended. Not only 
does it permit a marked reduction in the 
plot variance, so, without increasing the 
number of replicates or blocks, but it pro- 
vides a needed estimate of the population 
density. This potential population de- 
termines the area per plot which must be 
examined for a reliable estimate of the 
percentage control as discussed before. 
With s.? reduced by covariance, three sq. 
ft. units could be examined to advantage 
in area No. 1 in addition to the single unit 
before treatment and two units in area 
No. 2. In comparison with the precision 
for the minimal count of a sage sq. ft. 
unit per plot, an increase of 23 per cent in 
total number of unit samples in area No. 
1 would permit a 69 per cent reduction in 
the number of replicated plots. For the 
more variable area No. 2, a 31 per cent 
increase in the total number of units per 
square foot examined would allow a 56 
per cent reduction in the number of repli- 
‘ates. 

Summary. Data on the number of 
Japanese beetle larvae per square foot in 
four 50 by 50 ft. areas differing widely in 
their mean infestations have been exam- 
ined statistically. Although departing 
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significantly from the random distribu- 
tion of the Poisson series, the variance 
could be stabilized sufficiently for use in 
the analysis of variance by transforming 
the number of larvae per unit to square 
roots. The additional variation introduced 
by successive enlargements in the area 
examined has been determined by sub- 
sampling techniques. 

On the assumption that the larval dis- 
tribution observed in the four untreated 
areas would not be changed in their statis- 
tical form by insecticidal treatments, dif- 
ferent experimental designs have been 
tested by means of hypothetical or 
“dummy” experiments. These showed 
that in unreplicated large plots, treat- 
ment effects could not be distinguished 
from field heterogeneity, that replication 
and randomization lead to unbiassed 
estimates of treatment effects and that 
marked improvements in precision could 
be gained by suitable restrictions in de- 
sign. The error in the percentage control 
is least when 50 to 90 per cent of the lar- 
vae are killed and varies inversely with 
the square root of the number of larvae 
per plot, but for discriminating between 
different treatments the mean surviving 
populations in transformed units should 
be compared directly rather than after 
conversion to the percentage control. By 
sampling each plot both before and after 
treatment instead of only at the end of the 
experiment, the precision of treatment 
comparisons could be increased by 30 to 
60 per cent for the same number of unit 
counts. This improvement resulted from 
a reduction in both plot and sample vari- 
ances, measured by subsampling, from 
which the most efficient allocation of 
counts could be estimated.— 12-3-40. 
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Toxicity of Methyl Bromide to the Common Red Spider and 
to Greenhouse Roses 


Crype C. Hamivton, New Jersey Agricultural Experiment Station, New Brunswick* 


The development of methyl bromide 
fumigation for the control of various in- 
sects infesting materials subject to quar- 
antine regulations has stimulated research 
to determine whether it might be used as 
a general fumigant for the control of vari- 
ous insects and other arthropods attack- 
ing greenhouse plants. The tolerance of 
many plants to the concentrations of 
methyl bromide required for quarantine 
fumigation suggested that lesser concen- 
trations might give good control of in- 
sects without plant injury. The toxicity 
of methyl bromide to all stages of the 
common red spider, Tetranychus telarius 
(L.), suggested the possibility of its use 
as a control for this difficult pest of green- 
house roses. This paper gives the results 
of extensive tests under carefully con- 
trolled conditions to determine the mini- 
mum concentration of methyl bromide 
necessary to give 100 per cent kill of the 
common red spider and the maximum 
concentration six varieties of greenhouse 
roses would tolerate when fumigated at 
temperatures of 50, 60, 70 and 80° F., for 
periods of 1, 2, 4, and 8 hours. 

Most of the toxicity tests were made in 
March and April and the tests on rose 
plant tolerance were made in July, Au- 
gust and September. The data is so exten- 
sive that it seemed better for the sake of 
brevity to present it in the form of charts 
rather than in tables. 

Description OF THE FUMIGATING Box. 
—The inside dimensions of the fumigating 
box, are 24 X 274 X48 inches, with a capac- 
ity of 18.33 cubic feet. The box was con- 
structed of 20 gauge galvanized sheet iron 


* Paper of the Journal Series, New Jersey Agricultural Experi- 
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soldered at the seams on both the outside 
and the inside. Outside this was one ineh 
of Johns-Manville fiber insulating board 
which was covered with one-half inch of 
plywood. The door, consisting of a small 
window sash covered on the outside with 
heavy cellophane to provide a dead air 
space, was fastened on with ordinary 
window sash locks. The cooling unit con- 
sisted of the largest size General Electric 
refrigerating unit provided for house re- 
frigerators. This was set on one end of the 
top of the box with the cooling unit ex- 
tending into the box and was. sealed 
with metal aluminum adhesive tape im- 
pervious to gases. The heating unit con- 
sisted of one 500-watt heating coil at- 
tached to the inside of the box. Separate 
small electric fans were connected to the 
wiring of the cooling unit and to the heat- 
ing unit so that when either of the units 
was in operation the fans circulated the 
air continuously. The temperature was 
regulated by an electrically operated in- 
strumentT the sensitive unit of which con- 
sisted of a mercury filled cylinder on the 
inside of the box connected by a four foot 
tube to the regulating instrument on the 
outside of the box. The regulating unit 
contained two indicator arms which could 
be easily set at any temperature between 
40 and 120° F. and would regulate the 
temperature within less than one degree. 
One arm controlled the heating unit and 
the other arm the cooling unit. The methyl 
bromide was measured by a glass tube 
graduated into one-fifth of a ce. and in- 
troduced into the fumigating chamber 
through a coiled copper tube. The copper 
tube was heated by an electric light bulb 
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to vaporize the methyl bromide before it 
entered the fumigating chamber. The gas 
was evacuated by an electric vacuum 
cleaner attached to the top of the box. 
Relay coils were used in the electric cir- 
cuits of the heating unit and the cooling 
unit to prevent burning the contact points 
of the control instrument. 

Toxicity Metuyt Bromipe To THE 
Common Rep Spiper.—Rose twigs well 
infested with all stages of the common red 
spider were collected at a nearby green- 
house, pruned back, the stems placed in 
water and kept in an electric refrigerator 
until ready to use in the fumigating tests. 
From four to six twigs were used in each 
fumigation test giving a red spider popu- 
lation of several hundred to several thou- 
sand. 

The per cent kill was obtained by 
counting the live and dead red spiders on 
a number of leaves. Counts were made at 
approximately 24, 48, 72, and 96 hours 
after fumigation on some of the fumiga- 
tions. Methyl bromide does not kill the 
red spiders rapidly and with low concen- 
trations the best data was obtained at 
about 72 hours after fumigation. The red 
spider eggs were as easily killed as were 
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Fic. 1. Different temperatures and lengths of ex- 
posure to methyl bromide on rose twigs which pro- 
duced 100 per cent kill of the red spider. 


the adult or immature stages. Eggs which 
had been killed by the methyl bromide 
fumigation usually showed signs of shrink- 
ing after three days. 

Fumigations of the red spider were 
made at temperatures of 50, 60, 70, and 
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80° F. for exposure periods of 1, 2, 4, and 
8 hours. The concentration of gas was 
varied until a kill of 100 per cent or es- 
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Fic. 2. Tolerance of rose plants to methyl bromide 
gas at different temperatures and lengths of exposure. 


sentially 100 per cent of the red spider 
and eggs was obtained. The humidity for 
most of the fumigations was between 30 
and 40 per cent. 

The minimum concentrations of methyl 
bromide giving 100 per cent kill of all 
stages of the common red spider at the 
different temperatures and length of ex- 
posures are given in figure 1. 

The data in this chart show several 
important relationships: First, the curves 
showing the kill of the red spiders at the 
different temperatures of fumigation are 
of the same type; second, at any one tem- 
perature 100 per cent kill is essentially a 
product of concentration of methyl bro- 
mide gas times length of exposure; third, 
as the temperature decreases from 80 to 
50° F. the concentration of methyl bro- 
mide necessary to give 100 per cent kill, 
at any one length of exposure, increases 
at a proportionately greater rate than the 
decrease in temperature. The similarity 
of the curves showing the kill of the red 
spiders at 50, 60, 70, and 80° F. indicates 
that the three variable factors, tempera- 
ture, length of exposure and concentration 
of methyl bromide are of somewhat equal 
importance. 

Toxicity or Metnuyt Bromipe To 
GreeENHOUSE Roses.—Six varieties of 
commonly grown greenhouse roses repre- 
senting several different types of plants 
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were used in the tolerance tests. These 
varieties are Autumn, Better Times, 
Finch, Happy Days, Pink Delight and 
Talisman. The plants, which were from 
two to five years old, were grown in six 
inch pots. They were pruned and _ ferti- 


1.0 
Fig. 3.—Curves showing 100 per cent kill of red 


spider and tolerance of rose plants to methyl bromide 
fumigation at 50° F 


lized to develop an abundance of young 
tender growth. Approximately 100 plants 
of each variety were used in the various 
tests. In most instances one plant of each 
variety, or a total of six plants, was used 
for each fumigation. The plants were 
selected as nearly as possible for uniform- 
ity of new growth. 

The method used to determine the con- 
centration of methyl bromide safe to use 
on the rose plants was to determine first 
by trial and error the safe concentration 
for a given temperature and length of ex- 
posure and then to estimate the probable 
concentration at the other lengths of ex- 
posure for the same temperature. The 
fumigations were repeated for each tem- 
perature and length of exposure until a 
concentration of methyl bromide was 
found which gave no injury, or in a few 
instances only a trace of injury, to the 
most susceptible of the six varieties of 
roses. There was some difference in the 
tolerance of the six varieties of roses to 
methyl bromide fumigation. The data 
presented in figure 2 is based on the con- 
centration of methyl bromide causing 


injury to the most easily injured varieties. 
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Nature or Bromine Injury 
To Rose PLants.— The injury was most 
commonly indicated by a blackening of 
the plant tissues on the stem immediately 
below the bud and the under surface of 
the petioles of the immature leaves. It is 
at these areas that the greatest increase 
in plant growth occurs. That portion of 
the stem at the growing tip or immediately 
below the bud might be killed for one- 
half inch to several inches. Injury to the 
fully developed and hardened leaves sel- 
dom occurred at the concentrations used. 
Then it appeared as brown patches in the 
leaves. The browning or blackening of the 
injured portions usually showed up during 
hot weather in 24 to 48 hours and seldom 
increased in extent after 96 hours. 

In the majority of the tolerance tests 
the rose plants were brought from = the 
greenhouse into closed head house, 
placed in the fumigating chamber and 
after the desired temperature had been 
reached, the methyl bromide was intro- 
troduced. After the fumigation was com- 
pleted the plants were returned to the 
greenhouse. The humidity in the chamber 
was high during fumigation, usually vary- 
ing from about 75 per cent to 95 per cent. 

The maximum concentrations of methyl 
bromide for all six varieties of roses, as a 
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Fic. 4.—-Curves showing 100 per cent kill of red 


spider and tolerance of rose plants to methyl bromide 
fumigation at 60° F. 


group, at temperatures of 50, 60, 70, and 
80° F. and fumigation periods of 1, 2, 4, 
and 8 hours are shown in figure 2. These 
data indicate several important factors 
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influencing the tolerance of the rose plants 
to the methyl bromide fumigation. These 
are: 

1. That for any length of exposure, as 
the temperature of fumigation is decreased 
from 80 to 70, to 60, to 50° F. the con- 
centration of methyl bromide tolerated by 
the rose plants distinetly increased. In 
general, the tolerance dose of methyl! bro- 
mide at 50° F. was three times that at 80° 
F. The increase in plant tolerance ac- 
celerated rapidly as the temperature of 
fumigation decreased. 

2. In general and within the limits of 
the tests, the relation between the safe 
concentration of methyl bromide and 
length of fumigation at any one tempera- 
ture is essentially a product of time and 
concentration of the gas. For example, 
the safe concentration at two hours is half 
that of one hour, for four hours half that 
of two hours, and for eight hours half that 
of four hours. 

There was a considerable difference in 
the tolerance of the six varieties of roses 
to the methyl bromide fumigation. The 
varieties Finch and Pink Delight were 
distinctly more tolerant than the varieties 
Autumn, Better Times, Happy Days and 
Talisman. This difference varietal 
_ tolerance was greater at 50° F. than at 
the higher temperatures. 


3.0 


2.0 


Jounds bromide te cuble feet 


1.0 


Heures exposure 


Fic. 5. Curves showing 100 per cent kill of red 
spider and tolerance of rose plants to methyl bromide 
fumigation at 70° F 
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plants for the fumigation tests brought 
out the following points. 

1. The injury appeared earlier and was 
greater on plants returned to the green- 
house soon after fumigation than on plants 
kept overnight in the head house before 
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Fic. 6.—Curves showing 100 per cent kill of red 
spider and tolerance of rose plants to methyl bromide 
fumigation at 80° F. 


returning to the greenhouse. Probably 
the increase in light and temperature was 
responsible for the increased injury. 

2. Plants brought from the greenhouse 
before fumigation and plants kept in the 
head house overnight before fumigation 
showed no difference in the amount of in- 
jury when they were handled in the same 
manner after fumigation. 

3. No. significant difference the 
amount of injury occurred to rose plants 
fumigated (a) when the soil was dry but 
not to the extent that the plants were 
wilting, (b) when the soil was moist 
enough for good growing conditions, and 
(c) when the soil was thoroughly satu- 
rated before fumigation. 

4. Syringing the foliage and thoroughly 
drenching the soil after fumigation did not 
appear to affect the amount of injury that 
developed. 

5. Rose plants fumigated in air with a 
humidity of 40 to 50 per cent showed no 
difference in the amount of injury from 
plants fumigated in air with a humidity 
of 75 to 85 per cent. Of six varieties of 
greenhouse azaleas, the variety Mme. 
Petrick showed significantly greater in- 
jury when fumigated in air with a high 


= 
8.6 
= 
2.8 
2.0 t 
\ 
\ 
\ 
Ped epider 
~ 
me, 
Houre exposure 
3.8 
2.5 t 
\ 
\ 
1.5 
\ 
\ 
Red Kili 
Rose plant 


236 


humidity than when fumigated in air 
with a low humidity. The varieties Em- 
press of India, Firelight, Mme. van De 
Cruyssen, Purity and Salmon Glow 
showed no difference between plants fumi- 
gated in air of high or low humidities. 

6. Rose plants fumigated in air con- 
taining ten parts of carbon dioxide to one 
part of methyl bromide, by weight, 
showed no difference in the amount of 
injury from plants fumigated with the 
same amount of methyl bromide but no 
added carbon dioxide gas. 


Revation or THE PLant ToLerRance 
To Rep Speiper relation be- 
tween the maximum concentration of 
methyl bromide which the rose plants 
would tolerate and the minimum concen- 
tration necessary to give 100 per cent kill 
of the common red spider on rose twigs is 
shown in figures 3, 4, 5, and 6. These data 
show: 

(1) The safe concentration of methyl 
bromide on rose plants, for each tempera- 
ture and length of fumigation, is less than 
the concentration required to give 100 
per cent kill of the common red spider at 
corresponding temperatures and lengths 
of exposure. 

(2) As the temperature of fumigation 
increases from 50 to 60°, and 60° to 70° F. 
the concentration of methyl bromide giv- 
ing 100 per cent kill of the red spider ap- 
proaches the concentration tolerated by 
the rose plants. At a temperature of 50° F. 
it required from one-third to one-half 
more methyl bromide to give 100 per cent 
kill of the red spiders than was safe to use 
on the plants. This relationship held true 
for the 1, 2, 4, and 8-hour fumigations. 
At a temperature of 70° F. the concentra- 
tion of methyl bromide giving 100 per 
cent kill of the red spider was essentially 
the same as that tolerated by the rose 
plants. The apparent inconsistency be- 
tween the relation of the red spider kill 
and plant tolerance at 80° F. was prob- 
ably due to a smaller number of fumiga- 
tions made at this temperature. 

Summary  Conciustons. The 


data on fumigation of the common red 
spider on rose twigs demonstrates that 
there is a definite relation between the 
toxic concentration of methyl bromide, 
the temperature of fumigation and the 
length of fumigation. Within the limits 
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of the tests, the kill at any temperature 
is essentially a product of length of ex- 
posure and concentration of methyl bro- 
mide. Thus, knowing the concentration 
giving 100 per cent kill at one temperature 
and one length of exposure, the concen- 
tration giving 100 per cent kill for any 
other length of exposure at the same tem- 
perature can be calculated. Further, at 
any one length of exposure there is a defi- 
nite relation between the temperature of 
fumigation and concentration of methyl 
bromide giving 100 per cent kill of the red 
spiders. As the temperature of fumigation 
decreased from 80 to 50° F. the concen- 
tration of methyl bromide giving 100 per 
cent kill of the red spider increased at an 
accelerated rate. Further data is needed 
before this relation can be expressed math- 
ematically. 

The data showing the tolerance of six 
varieties of rose plants to methyl bromide 
fumigation shows essentially the same 
relations between concentration of methyl 
bromide, temperature of fumigation and 
length of exposure as was shown for the 
tests on the common red spider. Thus, 
knowing the maximum concentration the 
rose plants will tolerate at one length of 
exposure for any given temperature, the 
tolerant concentration at the other lengths 
of exposure for the same temperature can 
be caleulated. Also, with further data, it 
should be possible to calculate the tolerant 
concentration of methyl bromide for dif- 
ferent temperatures at any one length of 
exposure if one tolerant concentration is 
known. 

At a temperature of 50° F. the concen- 
tration of methyl bromide tolerated by 
the rose plants is distinetly less than that 
required to give 100 per cent kill of the 
common red spider. As the temperature 
of fumigation increased from 50 to 60° 
and 60 to 70° F. the concentration toler- 
ated by the rose plants and the concen- 
tration giving 100 per cent kill of the 
common red spider became the same. It 
appears, therefore, that as the tempera- 
ture of fumigation was increased from 50 
to 70° F. the toxicity of the methyl bro- 
mide to the common red spider increased 
at a more rapid rate than did the toxicity 
to the rose plants. Stating it another way, 
the margin of safety between plant toler- 
ance and red spider kill is less at the lower 
temperatures, 
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The data show that under the condi- 
tions of the experiments a concentration 
of methyl bromide giving 100 per cent kill 
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of the common red spider injured the 
most susceptible of six varieties of green- 
house roses. 11-15-40. 


Additional Studies on the Value of Traps in 
Japanese Beetle Control 


GeorceE S. Lancrorp, F. B. Warrrtncron and Ernest N. Cory, College Park, Maryland 


The paper presents some data on farm 
trapping in Maryland. The farms studied 
were selected at random and the results 
are believed to be average. George 5. 
Langford, et al. (1940) have published a 
report on the value of traps in Japanese 
beetle control. In that report it was stated 
that traps were effective for catching large 
numbers of beetles, but information on 
their actual effectiveness was extremely 
scarce. It was also stated that the problem 
of analyzing the value of traps was enor- 
mous and that it was almost impossible to 
secure sufficient data to warrant a con- 
clusive statement. 

The authors attempted to give some 
concept as to what might be expected of 
the efficiency of traps in a large scale dem- 
onstration. The data collected showed 
that 5,338 traps on 6,749 acres of land 
caught 30.1 per cent of the beetles pro- 
duced in the area. It was further shown 
by an analysis of available results ob- 
tained on individual farms that many 
farmers exceeded the average catch of 
30.1 per cent. Several individuals with 
small farms caught more beetles than cal- 
culations indicated that they produced. 

The 1939 work just reviewed was con- 
ducted in an area where 178 farmers all 
living in the same general community 
were cooperating for the purpose of the 
demonstration. In actual practice such 
thorough-going cooperation is not  ob- 
tained, so it was thought advisable to in- 
vestigate the efficiency of traps on farms 
selected without consideration of coopera- 
tion. Sixteen farms, widely scattered, in 
three counties were observed. 

The estimated quantity of beetles pro- 
duced on each farm was calculated from 
extensive soil surveys made between May 
land May 15, 1940. Each kind of crop 
land on each farm, idle land included, was 
sampled for grub population. A minimum 
of twenty-five square-foot samples was 


taken at random in each crop and the 
number of grubs counted. It was assumed, 
for the purpose of analysis, that all the 
grubs would emerge as adults and there- 
fore the calculated grub populations 
would equal or approximate the total 
quantity of beetles produced. The total 
of beetles caught was compared with the 
calculated quantity produced to obtain 
the percentage trapped. Table 1 illus- 
trates the method of calculating total 
quantity of beetles produced. 


Table 1.—Method of calculating quantity of 
beetles produced on an individual farm. 


Equiva- 

Total AVERAGE LENT 

Gress Gruss Quarts 

Se. Fr PER or 

Crop Acres SampLes Lectep Sq. Fr. Berries 
Pasture 31.5 25 298 11.91 4,951 
Barley 19.6 25 101 4.04 1,044 
Oats 11.9 25 109 4.36 6OS4 
Mixed hay 25 102 4.08 1,018 
Corn 20.0 25 174 6.96 1,838 
Soybeans 15.6 25 123 4.96 1,021 
Alfalfa 12.1 25 89 3.56 569 
Totals 129.6 175 996 5.69 11,125 


The results obtained in 1940 compare 
favorably with the 1939 observations. An 
analysis of records on the sixteen farms 
showed that 1,941 traps were operated on 
3,231 acres. The calculated beetle produc- 
tion on the farms was 170,314 quarts of 
beetles. A total of 46,888 quarts, or 27.5 
per cent of the total calculated quantity 
produced was caught. Details of the 1940 
data are given in table 2. It is interesting 
to note that in every case where the 
farmer used as many traps as one for each 
acre of land on the farm the catch was 30 
per cent or more. Six of the farmers caught 
over 40 per cent. Nine of the 16 farmers 
caught over 30 per cent of their calculated 
production. Seven caught less than 16 per 
cent of the calculated production, but 
none of these farmers operated as many 
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traps as one to the acre. One farmer caught 
only 3.3 per cent of his calculated produc- 
tion but operated only 82 traps on 352 
acres. Two of the farmers caught a quan- 
tity of beetles in excess of the calculated 
quantity produced. One, an asparagus 
grower, caught slightly more than five 
times as many beetles as it was estimated 
he produced; the other, engaged in general 
farming, caught approximately 1.4 times 
as many as his estimated production. This 
high catch brings up the question of mi- 
gration or local movement of beetles 
which is known to exist. 
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preferred food plants he will have large 
quantities of beetles moving into and 
damaging his crops whether he operates 
traps or not. It has also been observed 
that beetles may leave a feeding ground 
even in the presence of traps once the food 
supply is exhausted. Trap records indicate 
that traps operated in the vicinity of pre- 
ferred foods will catch, on an average, 
more beetles per trap than traps operated 
in the vicinity of plants not eaten. 

On the basis of these observations, traps 
operated in the vicinity of preferred host 
plants may be expected, on occasions, to 


Table 2.—The calculated percentage of beetles trapped on sixteen farms. 


ACRES 
NAME OF IN 

CooPERATOR County Farm 
J. T. Roberts Kent 161 
Hl. McIntire Cecil 100 
J. Keithley Cecil 
li. Mason Cecil 109 
R. Kincaid Cecil 170 
J. Price, Jr. Harford 225 
C. E. Bryan Harford 260 
H. Barnett Cecil 330 
E. L. Merrill Cecil 78 
H. Hoopes Harford 146 
R. Kirkendall Harford 186 
T. J. Lurman Harford 97 
Oakington Farm Harford 
W. Gallion Harford 33 
W. B. Harris Kent 850 
M. Kirk Harford 52 
Total 3,231 


OPpeRATED 


Per Centr 
TRaprep 


Quarts 
BEETLES 
TRAPPED 


Quarts 
Propucep 


TRAPS 


250 1,691 8,500 502.6 
125 6,082 139.3 
$s 1,469 1,430 97.3 
2,482 2,176 87.6 
6,587 4.000 60.7 
175 11,625 + S00 41.0 
275 17,236 5,658 32.8 
250 11,213 3.600 $2.1 
70 7.075 2,198 $1.6 
62 5 S67 20 15.7 
180 11,158 1,584 14.2 
7,246 Sth 11.6 
176 35 966 3,272 9.1 
$5 5.458 32 7.9 
63 S06 250 4.7 
S36 017 1,212 3.3 
1,941 170,314 $6 SSS 27.5 


It would seem logical to assume that 
beetles in their normal movement, partic- 
ularly in areas where specialized farming 
does not exist, would distribute them- 
selves rather evenly over the area, except 
in cases where their movement might be 
influenced by favored food plants. It is 
known that favored food plants are de- 
cidedly attractive and may be responsible 
for the concentration of beetles in some 
places or on some farms. Thus if a man has 
a field of roses or asparagus or an orchard 
of early peaches he may have a greater 
concentration of adult beetles than the 
man not growing favored food plants. 
Observations indicate rather clearly that 
traps do not necessarily prevent move- 
ment if preferred foods are not present or 
have been exhausted. Also, observations 
definitely show that if a man is growing 


catch more beetles than are produced on 
the property. 

The data presented do not show definite 
trap values for eliminating crop damage, 
nor is it intended to imply such value. All 
will concede that 4 or 5 traps operated on 
a large farm are of little or no value. The 
use of large numbers of traps or the use of 
traps as a supplement to other control 
measures is another question and needs 
thorough investigation. This past vear an 
asparagus field was closely observed in 
this regard. The test under observation 
involved 25-aere asparagus field in 
which 275 traps were used for control. 
Beetles were abundant, but damage was 
negligible. 

The following is the report by the 
farmer using the traps. 

“Pursuant to your request | hand you 


April 1941 


herewith report on the beetle catch at my 
farm this summer. The traps were set 
July 12. 


July 16—60 gal. July 30—90 gal. 
July 19—75 gal. July 31—70 gal. 
July 22—62 gal. Aug. 1—50 gal. 
July 23-—13 gal. Aug. 2—55 gal. 
July 24—10 gal. Aug. 5—75 gal. 
July 25—63 gal. Aug. 8—23 gal. 
July 26—60 gal. Aug. 12—18 gal. 
July 27—10 gal. Aug. 14—30 gal. 
July 28—65 gal. Aug. 16—32 gal. 
July 29-—40 gal. 


(a total of 920 gallons or 3,684 quarts) 
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“T did not, at any time, find it necessary 
to dust with lime in order to drive the 
bugs. The traps actually did a wonderful 
job; with all the infestation I had my 
actual damage was very little, practically 
nothing to talk about. 

“My labor cost, which includes use of 
truck and gasoline, was $42.75. 

“I trust that this gives you the desired 
information. I thank you for your wonder- 
ful 
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Three Years’ Survey and Liberation of Oriental Fruit Moth 
Parasites in Peach Orchards in Northern New Jersey * 


Byriey F. Ditacers, New Jersey Agricultural Experiment Station, New Brunswick 


The Oriental fruit moth, Grapholitha 
molesta (Buseck), has been a pest in com- 
mercial peach orchards in New Jersey, 
Delaware and Maryland for approxi- 
mately twenty-five years. Since its intro- 
duction into this country about 1912 it 
has spread to practically all of the com- 
mercial peach plantings east of the Mis- 
sissippi. A remarkable fact connected with 
this introduced pest is the rapidity with 
which native parasitic species have trans- 
ferred to the various stages of the new 
host. The record at present shows over 
seventy-five species of insects parasitic on 
the Oriental fruit moth. 

It is generally conceded that natural 
control by parasitic insects has been the 
most important factor in holding the fruit 
moth in check, with artificial control 
measures playing a secondary role to date. 
Among the numerous species that have 
been recorded as attacking the fruit moth 
those of the group infecting the twig feed- 
ing larvae have proved the most effective 
in reducing fruit moth populations. This 
group includes several species of Macro- 
centrus, the most important of which has 
proved to be M. ancylivorus Rohr., a 
species originally described speci- 
mens reared from the larvae of the straw- 
berry leaf roller, .Ancylis com ptana (Froel.) 


* Paper of the Journal Series, New Jersey Agricultural Experi- 
ment Station, Departmevt of Entomology. 


collected in southern New Jersey about 
1922. 

Whether or not Macrocentrus ancyli- 
rorus is a native of North America is not 
certain. That it was parasitizing fruit 
moth larvae feeding in peach twigs in 
commercial plantings along the Atlantic 
seaboard from the beginning is indicated 
from publications of the first investigators 
of the oriental fruit moth. Garman (1917), 
Wood & Selkregg (1918) and Stearns 
(1919) are three of the earliest investiga- 
tors of the fruit moth who report rearing a 
species of Macrocentrus from larvae of the 
pest. By 1925, when the first extensive 
study of oriental fruit moth larval parasit- 
ism was undertaken in New Jersey, M. 
ancylivorus was accounting for approxi- 
mately 90 per cent of all the larval parasit- 
ism recorded from peach orchards in 
Southern New Jersey. A number of sur- 
veys (Allen, et al. 1940); Driggers 1930; 
Stearns 1928) made from time to time and 
covering one or more years show M. an- 
cylivorus to be the most important parasite 
attacking the larvae of the Oriental fruit 
moth in peach orchards located in the 
coastal sections of New Jersey, Delaware, 
Maryland and Virginia. In the same sur- 
veys M. ancylirvorus was shown to be 
absent, or present in reduced numbers, 
in orchards located in the more elevated, 
mountainous sections of these states. This 
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variation in importance of species is par- 
ticularly marked in New Jersey where M. 
ancylivorus appears to be the dominant 
species south of a line running from Tren- 
ton through New Brunswick. North of 
this line Glypta rufiscutellaris Cres. has 
been for the most part the dominant 
parasite of twig feeding larvae of the fruit 
moth. 

As the oriental fruit moth spread north 
and west investigators, particularly in 
Connecticut, New York and Canada, be- 
gan studying the insect in relation to its 
natural enemies in their particular locali- 
ties. The Federal Bureau of Entomology 
in cooperation with these states and others 
to the west and south of New Jersey 
further extended the studies. It was soon 
found that Macrocentrus was apparently 
absent from these outlying areas and steps 
soon were taken to introduce it from 
southern New Jersey to the regions where 
the fruit moth had become established. 
During the past ten years M. ancylivorus 
has been colonized in practically all the 
commercial peach areas in the United 
States and Canada and at many of the 
liberation points the species has built up 
to a point where it has become the domi- 
nant parasite of the larvae of the oriental 
fruit moth. 


Table 1.—Percentage parasitism of first and 
second brood fruit moth larvae and principal 
parasite in 28 peach orchards in ten countiesin 
New Jersey in 1938. 


PercentTaGe 


PaRasitism 
Orcuarp Ist 2nd Principat 
NuMBER County Brood Brood Parasite 
1 Burlington 25 M. ancylivorus 
2 Burlington 95 ancylirorus 
3 Burlington M. ancylivrorus 
4 Burlington 38 73 M. ancylirorus 
5 Burlington 58 100 M. ancylirorus 
6 Burlington 67 M. ancylivorus 
7 Burlington oo M ancylivorus 
Camden 36 59 M. ancylivorus 
Camden 60 91 M. anclyirorus 
10 Camden 27 82 M. ancylirorus 
11 Camden 29 73 M. ancylivorus 
lz Gloucester 55 M. anclyirorus 
13 Gloucester M. ancylirorus 
Gloucester oF M. ancylirorus 
15 Cumberland 66 ne M. ancylirorus 
16 Cumberland 20 6 M. ancylivorus 
17 Cumberland 66 95 M. ancylirorus 
18 Atlantic 47 70 M. ancylirorus 
19 Atlantic 59 M. ancylirorus 
20 Atlantic 36 89 M. ancylirorus 
21 Monmouth 47 73 M. ancylivorus 
22 Monmouth 0 M. ancylirorus 
23 Monmouth 99 93 M. ancylivorus 
uw Hunterdon 18 99 M. ancylivorus 
25 Hunterdon 29 98 M. ancylirorus 
26 Morris 0 99 Gly pta 
27 Warren 2 99 Glypta 
28 Somerset 0 45 Glypta 
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In the early surveys of fruit moth para- 
sitism in New Jersey (Stearns 1928; Drig- 
gers 1930) Macrecentrus was found to be 
the dominant species in southern New 
Jersey and absent, or present in greatly 
reduced numbers, in northern New Jersey, 
Surveys of parasites of twig feeding larvae 
of the oriental fruit moth were resumed in 
New Jersey in 1937. That year, weekly 
collections of twig feeding larvae were 
made during May, June, and July in 
three orchards located at Moorestown, 
Glassboro, and Hammonton. Larval para- 
sitism ranged from 57 to 76 per cent in these 
three orchards with M. ancylivorus Rohr. 
accounting for 99 per cent of all parasites 
reared. A single collection of larvae made 
on July 17 at the peak of second brood 
activity in an orchard at Belvidere in 
northern New Jersey yielded 31 parasites 
and one moth. Twenty-nine of the para- 
sites proved to be Glypta rufiscutellaris. No 
M. ancylivorus were recovered from this 
single collection. 

ResuLts OF SURVEYS IN 1938. ~The 
limited survey of 1937 gave results similar 
to previous surveys in that it showed 
Macrocentrus dominant in southern New 
Jersey and absent in northern New Jersey. 
The survey was expanded in 1938 to in- 
clude 23 orchards in six counties in south- 
ern New Jersey and five orchards in four 
counties in northern New Jersey. The sur- 
vey was conducted in 1938 in the usual 
manner by collecting twig-feeding larvae 
of the first two broods of fruit moth, at 
intervals of approximately ten days, from 
the middle of May to the middle of July. 
The results of the survey in 1938 are set 
forth in table 1. 

The results of the survey made in 1938 
as set forth in table 1 show a high degree 
of parasitism, particularly on second 
brood, in 23 orchards located in six coun- 
ties in Southern New Jersey. The principal 
parasite reared in all of these orchards was 
Macrocentrus which accounted for over 90 
per cent of all the parasites reared. In 
three of the five northern New Jersey 
orchards, located in Somerset, Morris, 
and Warren Counties, practically no 


parasites were reared from first brood 
larvae whereas second brood larvae were 
heavily parasitized, the principal parasite 
being Glypta sp. with M. ancylivorus ab- 
sent. The two remaining orchards in 
northern New Jersey, both located in 
Hunterdon County, showed M. ancylivo- 
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rus the dominant parasite on both first 
and second brood larvae even though 
Glypta was present in these two orchards 
on second brood. 

The finding of Macrocentrus heavily 
parasitizing larvae of both the first and 
second broods in these two northern New 
Jersey orchards and absent in three other 
orchards was unexpected. No marked 
difference in elevation or latitude could 
be found that would alter the climatic con- 
ditions of the five orchards to any great 
extent. The failure to find M. ancylivorus 
in any appreciable numbers in orchards 
in northern New Jersey in previous surveys 
had been attributed to some factor or 
factors unfavorable to their establishment, 
build-up and winter-survival. Yet here 
were two orchards where the parasite 
definitely was established; not only was it 
established but it had become the domi- 
nant species. At this point it was reasoned 
that perhaps Macrocentrus was absent in 
certain Northern New Jersey orchards 
because it had never been introduced, in 
spite of the fact that the parasite was 
known to have been present in large num- 
bers and widespread throughout southern 
New Jersey since 1925. Further reasoning 
would indicate that M. ancylivorus must 
have been introduced in or near the two 
Hunterdon County orchards some time 
previous to 1938. Search of the records 
revealed the fact that the writer had liber- 
ated several small colonies of M. ancy- 
livorus, obtained from surplus breeding 
material in the insectary at New Bruns- 
wick, in an orchard at Glen More in 1931. 
Since the two Hunterdon County orchards 
are each approximately eight miles from 
the Glen More orchard it is reasonable to 
suppose that M. ancylirorus spread from 
the Glen More orchard to the other 
orchards during the interval from 1931 to 
1938. 

SURVEYS AND LIBERATIONS OF ParRa- 
sITes iN 1939.—The survey of fruit moth 
parasitism in orchards scattered over the 
state was continued in 1939 in much the 
same manner and in practically the same 
orchards as in 1938. In addition to con- 
tinuing the survey it was decided to carry 
on some liberation experiments with Mac- 
rocentrus in two orchards in northern New 
Jersey where it apparently had not be- 
come established. The two orchards se- 
lected for liberating M. ancylivorus in 
1939 were one in Somerset County and 
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one in Bergen County. The survey in the 
Somerset County orchard in 1938 had 
shown no M. ancylivorus present on either 
first or second brood. The Bergen County 
orchard was not surveyed in 1938, there- 
fore, it was planned to make a thorough 
survey on first brood larvae in this orchard 
before liberating parasites for the second 
brood. Furthermore, it was planned to 
survey two additional orchards in Bergen 
County and two additional orchards in 
Somerset County for first brood as a 
further check on whether or not M. ancy- 
livorus was present in those localities. It 
was planned to continue the collections of 
larvae through second and third broods 
in these outlying orchards and in the liber- 
ation orchards in Bergen and Somerset 
Counties in order to determine whether or 
not M. ancylivorus would spread any ap- 
preciable distance from the point of 
liberation. A still further check on the 
results of the parasite liberations in the 
two counties was to be made by continu- 
ing the survey without further parasite 
liberations in the Warren and Morris 
County orchards in 1939. 

Parasites for liberation in the Somerset 
and Bergen County orchards were ob- 
tained by purchasing parasitized first 
brood leaf roller larvae collected near 
Moorestown. Five thousand parasitized 
larvae feeding in green, curled strawberry 
leaves were purchased, divided in two 
equal parts, and transported to the two 
orchards. Suitable cages to allow the lar- 
vae to complete their growth and spin 
cocoons were constructed near the point 
of liberation. The emerging parasites were 
collected and liberated each afternoon by 
the cooperating growers. In the Somerset 
orchard where an accurate check was kept 
of parasites liberated, emergence and 
liberation of parasites began on June 16, 
reached a peak July 4-7, and was com- 
pleted July 16. A total of 2,605 parasites 
(males and females) was liberated in this 
orchard. Although no accurate record was 
kept, approximately the same number 
over the same period of time were liber- 
ated in the Bergen County orchard. 

The results of the state-wide survey of 
parasitism of the first and second broods 
of fruit moth larvae in 1939 are set forth 
in table 2. The survey was continued 
through third brood in the Somerset 
County and Bergen County orchards in 
order to determine the build up and 
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spread of the liberated parasites, there- 
fore, a column showing the third brood 
parasitism in these orchards is included in 
the table. 

The data in table 2 show that Macro- 
centrus was the most important larval 
parasite found in 18 of the 19 orchards 
surveyed in six counties in southern New 
Jersey in 1939. In one of the 19 orchards, 


Table 2.—Percentage parasitism of the differ- 
ent broods of fruit moth larvae in 29 orchards in 
11 counties in New Jersey in 1939. 


Percentace 


PARASITISM 
OncHarD Ist 2nd 3rd PRINCIPAL 
Nemeer County Brood Brood Brood 
1 Burlington 30 - M. ancylivorus 
2 Burlington 28 77 - M. ancylirorus 
3 Burlington 27 - M. ancylivorus 
4 Burlington 47 60 —  M. ancylirorus 
5 Burlington 35 65 — M. ancylirorus 
6 Burlington 55 77 —  M. ancylivrorus 
7 Camden - M. ancylivorus 
8 Camden 33 5s M. ancylivorus 
9 Camden lz 75 : M. ancylivorus 
10 Camden - 61 M. ancylivorus 
1! Gloucester 2 67 M. ancylirorus 
12 Gloucester 35 63 M. ancylivorus 
18 Gloucester 23 6s M. ancylirorus 
4 Cumberland 33 M. ancylivorus 
15 Cumberland 3 oz - Glypta sp. 
16 Cumberland 25 100 M. ancylivorus 
17 Atlantic 30 93 - M. ancylivorus 
18 Atlantic 16 SS M. ancylivorus 
19 Monmouth aM - M. ancylivorus 
20 Hunterdon M. ancylirorus 
21 Hunterdon 57 87 M. ancylivorus 
22 Morris 6 Se? Glypta sp. 
23 Warren 9 7 Glypta sp. 
Somerset 16 68 72) 
25 Somerset 4 760 M. ancylivorus 
26 Somerset 13 a Glypta sp. 
27 Bergen 7 52 91 M. ancylivorus 
28 Bergen 6 57 45 Glypta sp. 
290 Bergen 63 Glypta sp. 


located in Cumberland County, Glypta 
outnumbered M. ancylivorus. These re- 
sults run parallel to the results obtained 
in the surveys of 1987 and 1938 and in 
previous years (1930). In the orchards of 
northern New Jersey it is interesting to 
note that M. ancylivorus wintered over in 
the two Hunterdon County orchards 
where it was present in large numbers in 
1938 (table 1) and was again present on 
both the first and second broods of larvae, 
becoming the most important species for 
the second successive year in both or- 
chards. In the Morris and Warren County 
orchards no specimen of M. ancylivorus 
was reared from either first or second 
brood, for the second successive year, 
Glypta again proving the most important 
parasite in both orchards. 

Turning to the data in the Somerset 
orchards, we find in orchard No. 24 there 
was 16 per cent parasitism on first brood 
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with no Macrocentrus being reared from 
larvae collected before parasites were 
liberated. Following parasite liberations, 
parasitism of second brood larvae in- 
creased to 68 per cent and to 72 per cent 
on third brood larvae. Although M. aney- 
livorus was not liberated in this orchard 
until second brood it was able to establish 
itself and build up on third brood to a 
point where it became the most important 
parasite, displacing Glypta which had 
been predominant in 1937 and 1938. 

Orchard No. 25, which was one-fourth 
of a mile from the liberation orchard No. 
24 in Somerset County, showed a parasit- 
ism of 47 per cent on first brood with no 
Macrocentrus reared this brood. 
Second brood parasitism in this orchard 
increased to 82 per cent and then dropped 
back to 76 per cent on third brood. In this 
orchard M. ancylivorus was the predomi- 
nating species for the season by virtue 
of its high degree of parasitism of the 
second and third broods. Since no M. 
ancylivorus were liberated in this orchard 
it is believed that parasites liberated in 
orchard No. 24, a quarter of a mile away, 
migrated to the nearby orchard in suf- 
ficient numbers to give a high degree of 
parasitism of the second brood larvae. 

Orchard No. 26, also in Somerset 
County and distant a mile and a half from 
liberation orchard No. 24, showed 13 per 
cent parasitism on first brood which in- 
creased to 54 per cent on second brood. 
No Macrocentrus were reared from first 
brood larvae in this orchard. In this or- 
chard, on second brood, three specimens 
of M. ancylivorus were reared, indicating 
that M. ancylivorus had spread a distance 
of a mile and a half from the point of liber- 
ation. Due to excessive hardening of the 
twigs, no third brood larvae were collected 
in this orchard. 

In Bergen County, parasitism of first 
brood larvae was low in all three orchards 
with no Macrocentrus being reared from 
either orchard. Following the liberation 
of M. ancylirorus on second brood fruit 
moth larvae in orchard No. 27 the parasit- 
ism increased to 52 per cent on second 
brood and to 91 per cent on third brood. 
Here again M. ancylirorus displaced 
Glypta for first place for the season as a 
result of its establishment and build up on 
the second and third broods. 

On second brood no Macrocentrus were 
reared from orchards 28 and 29, four and 
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six miles distant from liberation orchard 
27 in Bergen County. On third brood six 
specimens of M. ancylivorus were re- 
covered from orchard 28 and none from 
orchard 29. Apparently the distance be- 
tween the liberation orchard and the two 
“check” orchards was too great for more 
than a few M. ancylivorus to make their 
way, therefore, Glypta proved the pre- 
dominating species in these two orchards 
for the season. 

Surveys AND LiperaTtions oF Para- 
sires IN 1940.——The survey of first and 
second brood larval parasitism was con- 
tinued in 1940 in the same orchards in 
Burlington, Camden, Gloucester, Cumber- 
land and Atlantic —all southern New Jer- 
sey Counties. In northern New Jersey the 
survey was continued in the two Hunter- 
don County orchards and in the Morris 
County orchard. In Somerset County the 
liberation orchard of 1939 was surveyed 
as well as three additional orchards within 
a radius of two miles. Also a survey of the 
1939 liberation orchard in Bergen County 
was made. No additional parasite libera- 
tions were made in 1940 in the Somerset 
and Bergen County orchards, therefore, 
the results from the 1940 survey show 
whether Macrocentrus wintered over suc- 
cessfully in these localities. 

The Warren County orchard, which 
had been surveyed for three years without 
Macrocentrus showing up, was used for a 
second parasite liberation experiment in 
1940. Four “check” orchards located one- 
quarter, one-half, one and six miles re- 
spectively from the liberation orchard 
were surveyed to obtain additional infor- 
mation on the distance and rapidity of 
spread of the parasite from the point of 
liberation. Weekly instead of ten day 
samplings of twigs were made in 1940, 
otherwise the procedure was the same as 
that used in previous years. 

The results of the 1940 survey are set 
forth in table 3. 

The data in table 3 show that Macro- 
centrus was the most important parasite 
in sixteen orchards located in five southern 
New Jersey counties in 1940. For four con- 
secutive years this parasite has accounted 
for over 90 per cent of all the parasitism 
recorded for twig feeding larvae of the first 
and second broods in these orchards. In 
the two orchards in Hunterdon County in 
northern New Jersey M. ancylivorus win- 
ered over successfully to become the most 
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important parasite for the third consecu- 
tive year. No parasite liberations have 
been made in or near these two orchards 
since the liberation of a few small colonies 
of M. ancylivorus at Glen More in 1931. 

Four orchards were surveyed in 1940 in 
Somerset County including the 1939 liber- 
ation orchard and three orchards within 
a radius of two miles. Macrocentrus was 


Table 3.—Percentage parasitism of the dif- 
ferent broods of fruit moth larvae in 29 orchards 
in ten counties in New Jersey in 1940. 


PERCENTAGE 


PARASITISM 
OrcHaRD Ist 2nd 3rd PRINCIPAL 
Noumper County Brood Brood Brood PARASITE 

1 Burlington 7.9 46.3 = M. ancylivorus 
2 Burlington 9.9 54.7 M. ancylivorus 
3 Burlington 61.0 61.4 -- M. ancylivorus 
4 Burlington 10.1 48.8 M. ancylivorus 
5 Burlington 22.8 50.0 - M. ancylivorus 
6 Burlington 48.5 80.0 — M. ancylivorus 
7 Camden 20.0 88.8 — M. ancylivorus 
8 Camden 18.2 35.3 M. ancylivorus 
9 Camden 43.9 87.5 -- M. ancylivorus 
10 Gloucester 38.6 82.3 — M. ancylivorus 
1 Gloucester 13.3 54.1 — M. ancylivrous 
12 Gloucester 27.9 76.8 _ M. ancylivorus 
13 Cumberland 25.0 91.7 _ M. ancylivorus 
4 Cumberland 24.2 92.6 M. ancylivorus 
15 Cumberland 22.5 84.3 — M. ancylivorus 
16 Atlantic 57.0 73.7 -- M. ancylivorus 
17 Hunterdon 15.1 99.1 — M. ancylivorus 
18 Hunterdon 27.1 81.6 -- M. ancylivorus 
19 Morris 3.6 7.8 -— Glypta sp. 
20 Warren 6.4 57.7 93.4 M. ancylivorus 
21 Warren 15.4 43.5 63.5 M. ancylivorus 
22 Warren 18.0 50.0 55.5 Glypta sp. 
23 Warren 6.2 19.4 50.0 M. cangiveree 
24 Warren 5.3 5.5 48.1 M. ancylivorus 
25 Somerset 11.5 40.3 73.6 M. ancylivorus 
26 Somerset 12.7 47.0 89.7 M. ancylivorus 
27 Somerset — 68.6 88.0 M. ancylivorus 
28 Somerset 37.3 47.1  Glypta sp. 
29 Bergen 13.0 12.9 86.2 M. ea 


recovered in the four orchards and proved 
to be the most important parasite in three 
of the four orchards. In Bergen County 
the liberation orchard of 1939 was sur- 
veyed in 1940 and here again M. ancy- 
lirorus wintered over and became the most 
important parasite for the season. 

It will be recalled that one orchard in 
Warren County was surveyed for three 
years from 1937 to 1939 inclusive, during 
which time Glypta proved to be the most 
important parasite and no Macrocentrus 
were recovered. During first brood in 1940 
this orchard plus four additional orchards 
were surveyed and no M. ancylivorus were 
recovered. Following these surveys ap- 
proximately three thousand M. ancy- 
livorus adults of both sexes were liberated 
in orchard 20 from June 20 to July 25. 
Parasitized strawberry leaf roller larvae 
collected near Moorestown, N. J. were 
utilized as in 1939 as the source of M. 
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ancylivorus. The parasites were liberated 
daily, near dusk, by the cooperating 
grower from a specially constructed cage 
located on the edge of the liberation or- 
chard. Weekly collections of larvae were 
continued in the five Warren County or- 
chards to cover second and third brood 
larval activity. The liberated species was 
recovered on second and third broods in 
all five orchards including one orchard six 
miles from the point of liberation and in- 
creased to such an extent on third brood 
as to become the most important parasite 
for the season in four of the five orchards. 

The survey of the last remaining 
“check” orchard, the one located in Mor- 
ris County, showed Glypta the predomi- 
nating parasite in 1940 for the third 
successive year. No Macrocentrus were 
recovered from this orchard during the 
three year period. 

The effect of the parasite liberations in 
terms of reduced fruit infestation was not 
determined definitely. Each of the three 
growers in whose orchards the parasites 
were liberated, two in 1939 and one in 
1940, reported that fruit damage that year 
was definitely lower than for several years 
before the parasites were liberated. 

SumMary.—Surveys of parasitism of 
twig feeding larvae of the Oriental fruit 
moth were made in a number of peach or- 
chards in New Jersey over a period of 
four years. In general, the results of sur- 
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was found that Macrocentrus ancylivorus 
Rohr. was the principal parasite attacking 
twig feeding larvae in southern New Jer- 
sey whereas Glypta rufiscutellaris Cres. 
proved to be the principal parasite in 
northern New Jersey. Two of the northern 
New Jersey orchards surveyed from 1938 
to 1940 inclusive showed Macrocentrus in- 
stead of Glypta as the principal parasite. 
Investigation revealed that colonies of M. 
ancylivorus adults had been liberated near 
these two orchards in 1931 and it is sug- 
gested that the parasites made their way 
to these two orchards from the point of 
liberation. Liberations of M. ancylivorus 
in 1939 in two widely separated orchards 
in northern New Jersey where the parasite 
had not been recovered previously was 
followed by a high degree of parasitism by 
this species on second and third brood 
larvae. A second liberation of M. ancy- 
livorus in another northern New Jersey 
orchard in 1940 also was followed by a 
heavy build up of the parasite on second 
and third broods. Surveys of nearby or- 
chards indicated M. ancylivorus spread to 
a distance of six miles from the point of 
liberation at the time they were liberated. 
Surveys in 1940 in the two liberation or- 
chards of 1939 and in nearby orchards 
indicated that M. ancylirorus wintered 
over successfully and built up to a point 
where it became the principal parasite 
reared from these orchards during the 


veys made earlier were confirmed when it season.—-11-15-40. 
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State. Provision is made for the certification for 
entry of alfalfa meal and chopped alfalfa hay under 
specified conditions. 


Tue Kentucky alfalfa weevil quarantine No. 2 
(revised) dated January 1941, provides for the regu- 
lation of movement from the infested area of prod- 
ucts considered likely to introduce this pest into that 


Ten-Year Record of Oriental Fruit Moth Parasitism 
in Delaware* 


L. A. Srearns and J. M. Amos, University of Delaware, Newarkt 


The oriental fruit moth, Grapholitha 
molesta (Busck), first became the subject 
of investigation in Delaware in 1928, 
shortly after the period when this and 
other of the Middle Atlantic States had 
experienced the initial wave of extreme in- 
festation which, so frequently, has charac- 
terized the appearance of this introduced 
species in many of the peach-producing 
areas of this Country. It was proposed, 
under the project approved in that year, 
to study this pest in its relation to the gen- 
eral problem of considerable insect dam- 
age to both peaches and apples, in which 
the plum curculio and codling moth were 
known to be the other important contrib- 
uting factors. 

Work has continued without interrup- 
tion until the present time, with varying 
emphasis from season to season on differ- 
ent phases of the investigation. The brief 
reports of progress made annually! have 
been elaborated upon in the following 
publications from the Delaware Station. 

MacCreary (1933) summarized his find- 
ings with respect to applications of sum- 
mer oil for control of oriental fruit moth 
on peaches and apples. The use of both 
the eggs and larvae of this species for test 
purposes in an extensive exploration of 
organic compounds as insecticides was re- 
ported by Guy (1937). Stearns (1940) 
presented comparative data covering the 
early seasonal development of the insect, 
during the decade from 19380 to 1939, in 
their relation to the peach spray program. 

Attention was called, first, by Stearns 
(1930) to the natural control of this pest 
in Delaware by larval parasites. The broad 
question of parasitism under local condi- 
tions, with special reference to the impor- 
tance of certain alternate hosts (the rag- 
weed borer, Epiblema strenuana Walker, 
and the strawberry Jeafroller, Ancylis 
comptana Froehlich), was thoroughly dis- 


* Data accumulated in connection with a Purnell fund project 
relating to the ““Bionomies and Control of the Oriental Fruit 
Moth,” and published as a contribution from the Department of 
Entomology of the Delaware Agricultural Experiment Station 
with the approval of the Director. 

t Acknowledgement is made herewith of the assistance rend- 
ered by W. R. Haden, P. L. Rice and Donald MacCreary in 
making the larval collections from which the data reported herein 
were obtained. 

* Annual Reports of the Director of the Delaware Station, 
1928-1940. inclusive. 


cussed by Haden (1935). Rice (1935> 
1937) gave further consideration to the 


Fig. 1.— Approximate location of Delaware orchards 

in which twig-infesting larvae of broods one, two 

and three of the oriental fruit moth were collected 
each year, during the period 1931-1940. 
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ragweed borer and its parasites, and es- 
pecially to Glypta rufiscutellaris Cresson, 
one of the species common to both hosts. 

Throughout the course of these studies, 
the degree of control exercised by the lar- 
val parasites of the oriental fruit moth has 
been continuously and remarkably high. 
Asa result, peach infestation has generally 
been very low, seldom exceeding 10 per 
cent. In concluding this investigation, it is 
the purpose of the present paper to sum- 
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early in June, July and August, at times 
when the majority of them were approach- 
ing maturity and had been exposed, there- 
fore, as long as possible to parasitic attack. 
The methods usually followed in’ the 
further handling of orchard-collected lar- 
vae of this species have been described 
many times and need not be repeated 
here. Certain of the data resulting from 
the rearing of this material (a total of 
23,075 larvae) are included in tables 1 and 


Table 1.—Parasitism of twig-infesting oriental fruit moth larvae in Delaware, during the period 


1931-1940.* 


COUNTIES, 
STATE AND 


Per Cent or Parastrism 


Broops 1931 1982 1983 1954 1985 1986 1987 1988 1989 1940) Average 
New Castle Co. 45.1 69.8 72.6 72.4 52.4 68.6 39.0 70.1 68.6 77.6 63.6 
Brood 1 16.7 37.0 56.2 94.1 74.7 33.7 5.4 8.6 73.8 56 55.3 
2 73.5 90.1 50.8 40.9 81.8 #£50.1 75.9 78.6 88.6 71.2 
3 t 91.0 71.4 T 41.7 90.4 9.8 53.4 87.8 65.9 
Kent Co. 63.9 51.6 59.7 66.1 35.7 55.8 68.6 74.6 75.2 82.9 63.4 
Brood 1 7.8 $8.6 138.8 68.8 48.0 2.8 60.3 86.7 55.9 79.4 53.5 
100.0 96.2 79.1 62.5 23.5 561 82.3 84.5 91.2 S64 76.2 
3 T T 86.2 t t 85.5 54.3 52.9 78.5 82.8 73.4 
Sussex Co. $1.1 33.3 60.0 42.7 37.2 SS.1 75.0 67.6 69.2 53.6 
Brood 1 7.1 2.4 2.7 586.7 10.2 7.8 13.4 50.1 29.1 
2 75.2 51.8 72.6 72.4 13.5 57.2 79.8 87.1 76.4 79.9 66.5 
3 T 23.1 82.8 t 88.0 90.4 S1.1 78.9 93.8 72.4 76.3 
State 50.0 57.9 GALT 67.6 45.0 55.2 73.2 70.5 76.6 61.9 
Brood 1 17. 0.3 31.5 73.2 44.3 2.4 36.0 76.8 54.1 63.7 5.9 
2 82.9 76.3 80.6 61.9 26.0 65.0 70.7 82.4 82.1 85.0 71.3 
3 t 57.1 80.1 t 64.8 88.8 58.9 60.5 75.2 SILO 70.8 


* Records cover a total of 23,075 larvae distributed as follows: on the basis of broods 
6,980 for New Castle, 7,680 for Kent, and 8,415 for Sussex 


5,125 for brood 3; and on the basis of Counties 
t Data insufficient to warrant inclusion. 


marize information on larval parasitism 
for the years 1931 to 1940, inclusive. 
Procepure. Twenty-one representa- 
tive orchard properties, seven in each of 
the three Delaware counties, were selected 
in 1931 with the intention of securing ¢ 
10-year record of parasitic activity. Natu- 
rally, for all of these orchards, the approxi- 
mate location of which is indicated in 
figure 1, the figures obtained, during the 
period in question cover different plant- 
ings. As soon as the trees in any block, 
because of age or for some other reason, 
failed to provide the abundance of suceu- 
lent terminal growth required by the host 
larvae, others were used. The collections 
of twig-inhabiting individuals of broods 
one, two and three were made each year 


9,000 for brood 1, 8,950 for brood 2, and 


2. They cover the extent of natural control 
of the oriental fruit moth by larval para- 
sites for the state as a whole, for each 
county and for each brood year by year, 
the total parasites involved, and, in some 
detail, the predominant species. Thus, a 
clear-cut picture is presented of the local 
situation during the period under con- 
sideration. 

Discussion oF Dara. Parasitism in 
Delaware has averaged 61.9 per cent. 
There was a steady, upward trend for the 
four years, 1931 to 1934; an abrupt drop 
in 1935, when the low point in parasitic 
activity, 45.0 per cent, was recorded; and, 
then, a rather substantial increase in the 
level of effectiveness, the high point, 76.6 
per cent, being reached in 1940. This 


April 1941 
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Table 2.—Parasites reared from twig-infesting oriental fruit moth larvae in Delaware, during the 


period 1931-1940.* 


ANNUAL OcCURRENCE 


Toran 
NUMBER AND Per CENT AND/OR 
- — — Aver- 
SPECIES 1931 1982 1933 1934 1935 1936 1937 1938 1939 1940 aGE 
237 820 958 595 397 1078 657 1453 1154 1231 8580 
Macrocentrus ancylivorus 
Rohwer 89.4 77.4 96.5 89.5 92.8 94.6 93.1 96.5 94.4 97.9 92.8 
28 . 239 35 70 31 62 49 52 68 27 661 
All other species (27) 100.6 2.6 3.5 10.5 7.2 §.4 6.9 3.6 §6 &.1 7.2 
Totals 265 1059 998 665 428 1140 706 1505 1222 1258 9241 
Achactoneura sp. 1(.01) 
Apantele ssp. 1(.01) 
Ascogaster car poca psae Vier. 11(.11) 
Ascogaster quadridentata Wesm. 1(.01) 
Bassus sp. 4 1(.01) 
Campoplex sp. 1(.01) 
Cremastus epagoges Cush. 4( 04) 
Cremastus forbesti Weed. 21(. 22) 
Cremastus grapholithae Cush. * * * * 117(1.3) 
Cremastus sp. 1(.01) 
Dioctes obliteratus Cress. 1(.01) 
Ephialtes aequalis Prov. ° 1(.01) 
Eubadizon pleurale Cress. 1(.01) 
Euderus sp. 1(.01) 
Tnareolata obliterata Cress. 1(.01) 
Itoplectis conquisitor Say. 1(.01) 
Lirophaga plumbea Ald. . 35(.37) 
Lirophaga rariabilis ( ‘ress. 17( . 18) 
Mazida setulosa Mall. 1.01) 
Meteorus trachynotus Vier. 10.01) 
Microbracon qgelechiae Ash. 6(.06) 
Microgaster ecdytolophae Mues. 1(.01) 
Phanerotoma tinalis Wald. 1(.01) 
Specimens mutilated and un- 
Total species present t 10 11 8 10 12 11 11 7 8 661(7.2) 
Per cent parasitism 50.0 57.9 64.1 67.6 45.0 58.7 55.2 73.2 70.5 76.6 61.9 


* All species, with the exception of Macrocentrus ancylirorus determined by specialists of the Division of Insect Identification, 
U.S. Bureau of Entomology and Plant Quarantine, Washington, D.C. 


course of events was essentially the same 
in the three subdivisions of the state. 
Conditions in New Castle and Kent 
Counties have been much alike, parasit- 
ism having averaged 63.6 and 63.4 per 
cent, respectively. The comparative per- 
centages for broods one, 55.3 and 53.5 per 
cent; two, 71.2 and 76.2 per cent; and 
three, 65.9 and 73.4 per cent, indicate a 
similar sequence in seasonal development, 
with the second brood in both cases sub- 
jected to heaviest attack. In Sussex 
County, the pattern is decidedly different. 
Parasitism of the first brood has been rela- 


tively low, averaging 29.1 per cent, or ap- 
proximately half that reported for New 
Castle and Kent. It increases rapidly, 
however, and culminates (76.3 per cent) 
with the third brood in this county. 

It has been impossible, as yet, to cor- 
relate either the annual or the sectional 
variations in parasitism noted with avail- 
able climatological data. In 1940, for ex- 
ample, when parasitism amounted to 76.6 
per cent (the highest point recorded), the 
total departure from the normal in mean 
temperature for the months of April, May, 


June and July (the period during which 
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broods one, two and three are developed) 
was —6.4° F. and the total departure from 
the normal in precipitation, +0.12 inches. 
On the other hand, in 1935, when parasit- 
ism had declined to but 45.0 per cent (the 
lowest point recorded), the total departure 
from the normal in mean temperature for 
the same interval was —6.2° F. and the 
total departure from the normal in pre- 
cipitation, +1.61 inches. In other words, 
almost identical weather conditions pre- 
vailed at the times that parasites were 
most and least effective. It seems prob- 
able, therefore, that the observed fluctua- 
tions in parasitic activity were produced 
by an environmental complex, in which 
the influence of temperature and rainfall 
on the seasonal development of both para- 
sites and host, and on that of the peach 
tree as well, is but a single factor. 

As many as twenty-eight species of 
parasites were reared from twig-infesting 
larvae of the oriental fruit moth through- 
out the course of this investigation. Of 
these, only Macrocentrus ancylivorus Roh- 
wer was important. It accounted for an 
average of 92.7 per cent of the total para- 
sitism noted during the years 1931 to 
1940, inclusive, while the parasitism by all 
other species amounted to only 7.2 per 
cent. The figures indicate that M. ancy- 
livorus was always present and in sufficient 
abundance, year after year, to serve as a 
highly effective check on the population 
and activities of the host. Three other 
species, Cremastus minor Cushman, 
grapholithae Cushman and Glypta rufiseu- 
tellaris Cresson, were also recorded with 
considerable regularity but in very small 
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numbers, the percentages being 1.9, 1.3 
and 1.1, respectively. 

The males and females of M. ancylivorus 
were present in a ratio approximating 1-2, 
For 8,580 specimens of this species exam- 
ined, 37 per cent were males and 63 per 
cent, females. The variation in these pro- 
portions from season to season did not 
exceed 2 per cent. 

The data for the 10-year period 1931 to 
1940, presented herein, supplement those 
published by Haden (1935) and support 
in every respect his conclusions, drawn at 
the end of the fourth season in which this 
study had been in progress. 

Summary.--A project relating to the 
“Bionomics and Control of the Oriental 
Fruit Moth” has been actively worked 
upon by the Delaware Station since 1928 
and is now being concluded. One of the 
several phases of this investigation has 
been a thorough study of the extent of 
natural control of this pest effected by 
larval parasites. Data, covering the 10- 
year period 1931 to 1940, show that larval 
parasitism has always been extremely 
high, averaging 61.9 per cent. Conse- 
quently, peach infestation has usually 
been very low, with losses in excess of 10 
per cent the exception. This favorable 
situation is due almost entirely to the 
abundance and activity of a single para- 
site, Macrocentrus ancylirvorus Rohwer. 
None of 27 other species recorded has ever 
been recovered in appreciable numbers 
from this host and all must be considered 
relatively unimportant, therefore, in pre- 
venting damage by this notably destruc- 
tive insect. 11-15-40. 


LITERATURE CITED 


Guy, H. G. 1937. Investigation of organic compounds as insecticides. Del. Agr. Expt. Sta. Bul. 206, 
Tech. 19. 

Haden, William Rau. 1935. Parasitism of the oriental fruit moth, with special reference to the im- 
portance of certain alternate hosts. Del. Agr. Expt. Sta. Bul. 194. 

MacCreary, Donald. 1933. The efficiency of certain proprietary oil emulsions, Volck and Orthol- K, 
for control of the oriental fruit moth. Del. Agr. Expt. Sta. Bul. 184. 

Rice, Paul L. 1935. Notes on the ragweed borer (Epiblema strenuana Walk.) and its parasites. Trans. 
Pen. Hort. Soc. 25(5): 89-94. 

Rice, Paul L. 1937. Effect of moisture on emergence of the ragweed borer, Epiblema strenuana Walk., 
and its parasites. Jour. Econ. Ent. 30(1): 108-15. 

Stearns, L. A. 1930. Experiences with the plum curculio and oriental fruit moth on peaches during 
1930. Trans. Pen. Hort. Soc. 20(5): 115-26. 

Stearns, L. A. 1939. Ten years with the codling moth in Delaware. Trans. Peninsular Hort. Soc. 
29(5): 55-71. 


Firry-Tuirp ANNUAL MEETING—SAN 


The Plum Curculio Problem on Peach in Pennsylvania! 


M. Sremer and H. N. Wortuiey,? Pennsylvania State College, State College, Pa. 


Control measures for curculio 
practised by many growers in south cen- 
tral Pennsylvania consist of two sprays, 
the first usually applied at shuck-fall and 
the second about two weeks later. The 
supplementary practises of jarring for 
adults, removing drops to destroy larvae 
and timely cultivation for the destruction 
of larvae and pupae are rarely followed. 
Crop failures are infrequent and a heavy 
June drop is common. The plum curculio 


The use of basic lead arsenate in peach 
sprays for plum curculio increased in one 
county from a few hundred pounds in 
1929 to more than 42,000 pounds during 
1939. The belief is common among local 
growers that this material used at 4 
pounds per 100 gallons gives results equal 
to 2 pounds of acid lead arsenate safened 
with zine sulfate and hydrated lime and 
also causes less injury in wet seasons. The 
writers were pressed to study the plum 
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population is thus carried over at much 
the same level year after year. Losses from 
this pest in large commercial plantings are 
mostly confined to border rows adjacent 
to uncultivated land. Frequently half or 
more of the total fruits are injured in small 
commercial orchards but the loss is not 
great since most of the injured fruits that 
fail to drop are removed in the thinning 
operation. 


' Authorized for publication November 11, 1940 as Paper No. 
1001 in the Journal Series of the Pennsylvania Agricultural 
Experiment Station. 

_? Acknowledgement is made of the valued assistance of Nelson 
Kane and John Henry Beacher. 


Number of curculios taken in jarring operations on 10 trees during 1939 and 1940. 


curculio on peach and to compare the ef- 
fectiveness of these and other materials 
under orchard conditions. This paper deals 
with results of studies on the plum cur- 
culio problem in 1939 and 1940. 

JARRING Recorps.—Ten selected trees 
in the Prickett orchard, Flora Dale, Pa., 
were jarred at 2-day intervals from the 
pink stage until after harvest. The total 
collections on jarring dates are shown in 
figure 1. Adults were present in the or- 
chard from April 24, 1939 and from May 
1, 1940 until after harvest with overwin- 
tered adults most numerous on May 8, 
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1939 and May 15, 1940. Movement of 
adults developing from pupae in the soil 
was definitely towards hibernating quar- 
ters after August 1 of each year although 
some adults were present in the orchard in 
late September. Adults were abundant 
during the blossom season on border rows 
and dispersal was more rapid in 1940 than 
in 1939. The number of curculio adults 
jarred down per tree for periods between 
spray dates are given in table 1. Trees 

Table 1.—Number of curculio adults taken per 
tree between spray dates. 


NUMBER PER TREE FOR 
Eacu Pertop 


Trees 3-7 
rows from 
border rows 


Trees in 
border rows 


Periop or Jarrinc 1939 1940 19839 1940 


Pink to petal-fa!l 34 72 6 23 
Petal-fall to shuck-fall 34 = 56 22 49 
Shuck-fall to final spray 28 28 20 Is 


one row removed from adjacent regularly 
jarred trees were jarred occasionally. 
These usually carried about the same 
population of adults as was found on 
regularly jarred trees indicating that a 
levelling off for this distance occurs in 
about 2 days’ time. 

Movement or Markep Aputts. 
hundred adults jarred from trees on each 
of five dates in May 1940 were spot- 


Table 2.—Flight of marked plum curculio adults—1940.* 
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painted with aluminum, gold, searlet, 
green and blue bronze powders and _re- 
leased in a woodland at a common point 
50 feet from the edge of the orchard. Sub- 
sequent recaptures were made from seven 
of the regularly jarred trees. The length 
and time of flight is recorded in table 2. 
The most rapid flight was 478 feet in 10 
days, the longest 671 feet in 40 days. 
Four-fifths of the number recaptured were 
taken on two jarred trees nearest the point 
of release. Adults emerging from soil in 
midsummer were marked and released at 
the same point but these showed little 
tendency to re-enter the orchard. 
Frepinc Eac-Layinc. Feeding 
injuries on foliage and flower parts was 
common by the time of the petal-fall stage, 
gg-laying in small fruits progressed to a 
considerable extent before shuck-fall. Ap- 
proximately 18 per cent of the fruits in 
border rows were injured by May 11, 1989, 
when 60 per cent of the shucks had fallen. 
Approximately 5 per cent of the fruits 
were injured by May 21, 1940, before 75 
per cent of the shucks had split and when 
less than 10 per cent of the shucks had 
fallen. These observations agree with 
those of Graham (1938) who observed 
that plum curculio adults begin oviposi- 
tion upon emerging from hibernation 
whena suitable oviposition medium is pres- 
ent. Snapp (1940) found that about a 
month elapsed between emergence from 
hibernation and oviposition in Georgia. 


Nomper Recaprurep at INptcatep Distances 


Ave. Distance 


Date oF 
RELEASE FROM THE Pornt or RELEASE or 
May 7 7 2 1 1 l 158’ 
19 9 2 1 79’ 
25 1 7 5 82’ 
$1 7 3 2 92’ 
Total: 47 26 9 5 1 l l ot 
Days Evapsep Between RELEASE AND RecarTure At Ave. Days 


INpicaTED FROM THE Pornt or RELEASE 


or 


136° 235’ $35’ $78’ 
May 7 2-8 14-20 46 20 10 ww 13 
18 2-10 6-36 6 14 11 
19 2-38 2-26 4-38 48 12 
25 4-20 4-26 12-18 12 
$1 4 26 2-10 16-18 11 
Ave 8 13 19 23 50 10 Ww 12 


* Limited by recapture and previous history. 


April 1941 


Although large numbers of adults devel- 
oped from pupae in the soil during July 
and August, little feeding and no egg-lay- 
ing was observed after June 20, 1939 and 
June 25, 1940. 

Time or Larvat Marturiry.—Collec- 
tions of drop fruits were taken from pre- 
pared circles beneath trees three times 
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grouped over a single rearing tray to each 
treatment. The second series of samples 
was placed in individual containers, one 
for each tree. One hundred fruits per tree 
were picked in the Skinner orchard 5 
weeks after petal-fall and handled in the 
same manner as the second series from the 
Prickett orchard. The number of curculio 


Larvae Rearep rroM WEEKLY CoLLectTions oF Drops 


COLLECTION LENGTH 
or Fruits First 
June 5, 7, 10 2/8-4/8' June 9 
June 12, 14, 17 2/8-5/8"’ June 13 
June 19, 21, 24 3/8-6/8"’ June 20 
June 26, 28, July 1 $/8-1"’ June 30 
July 3, 5, 8 6/8 13/8" July 12 


Fifty Per Cent of 
Per Cent Last Total Season’s Total 
June 16 July 8 2748 34.1 
June 22 July 20 4341 3.9 
July 1 July 29 822 10.2 
July 11 Aug. 1 108 1.2 
July 18 July 23 33 0.4 


weekly through the period when larvae 
were leaving fruits during 1940. The num- 
ber of larvae reared from weekly groupings 
of these collections is given in table 3. 
Thus in 1940, 88 per cent of the total lar- 
vae developed from fruit that dropped up 
to 33 days after the peak of adult abun- 
dance at the petal-fall stage. In 1939 more 
than 5 times as many larvae developed 
from 11,200 fruits picked 20 days after 
petal-fall as from similar sample picked 33 
days after petal-fall. A few larvae leave 
the fruit as it hangs on the tree and many 
leave the fruit within a week after it falls. 
Picking up drops as a method of control 
would be more effective if done at 2-day 
intervals than at weekly intervals but the 
labor of this operation for a 3- to 5-week 
period would be justified in only a few or- 
chards. 

Spray Tests or 1939.—Eight replicates 
of 7 treatments and a check were laid out 
in a block of 4-year Elberta trees border- 
ing woods in the Skinner orchard, Cham- 
bersburg. Identical treatments were ap- 
plied to seven replicates of 16-year Elberta 
trees in the Prickett orchard, Flora Dale. 
Here the site was bordered by woodland 
on three sides and was heavily populated 
with curculios. 

Counts were taken in the Prickett or- 
chard on 50 fruits picked from each quar- 
ter of each tree 3 weeks after petal-fall and 
again 5 weeks after petal-fall. After cur- 
culio injuries had been counted the fruits 
were placed in open cylinders over rearing 
trays. The first series of samples was 


injuries and the number of larvae reared 
per 100 fruits is given in table 4. Arsenical 
injury as evidenced by split and calloused 
bark on bearing wood was measured on 
ten 10-inch branches per tree in the Skin- 
ner orchard and the summary counts are 
shown in the last column of table 4. This 
type of injury is illustrated in figure 2. 


Fig. 2.—Arsenical injury produced by acid lead 

arsenate. Evidenced by shaggy bark on bearing 

wood. The injured twig above is compared with a 
normal twig. 


Spray Tests or 1940.--The experi- 
mental block of 1940 was laid out in a 
manner planned to subject each treatment 
to a more uniform infestation than that 
encountered in the tests of the previous 
year. Two rows bordering woodland in the 
Prickett orchard were selected as a site for 
these tests. Five trees of each of five treat- 
ments were sprayed in each row at five 
locations. Circles 10 feet in diameter were 
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Table 4.—Spray tests of 1939. 


CuRCULIO Per Cent 


MATERIALS AND RATES PER Scars PER 100) Larvar Rearep Bearing Woop 
No. 100 GALLons Fruits PER 100 Fruits INJURED 
1 Acid lead arsenate 3 Ibs. PI 17 8 
Monohydrated zine sulfate 3 Ibs. P2 2 1.0 
Hydrated spray lime 4 lbs. s 19 0.5 56 
2 Acid lead arsenate 2 Ibs. PI 18 9.4 
Monohydrated zine sulfate 3 Ibs. P22 26 2.1 
Hydrated spray lime 4 Ibs. Ss 24 0.9 41 
3 Same as No. 2—petal-fall Pl 2 10.9 
spray omitted 38 
5 23 1.0 36 
4 Basic lead arsenate 4 Ibs. Pl 22 10.2 
Hydrated lime 4 lbs. P2 29 2.6 
Ss 7 2.5 3 
5 Same as No. 4—petal-fall Pl 27 15.6 
spray omitted Pe 3s 2.6 
5 31 1.9 1 
6 Kryocide 3 Ibs. PI 22 5.7 
Fish oil pt. 2 0.9 
5 15 0.4 I 
0 Check—no spray PI 47 21.1 
P2 57 4.4 
5 46 4.2 
Least significant difference Pl 14 
P2 12 1.8 
Ss 13 2.6 


P1—First counts in the Prickett orchard May 23-25. 

P2—Second counts in the Prickett orchard June 5-6. 

S—Counts in the Skinner orchard June 5. 

Spray dates: Petal fall 5/4; Shuck-fall 5/11; Final curculio spray 5, 24. 


Table 5.—Spray tests of 1940. 


Harvest Freirs BY 


MATERIALS AND Rates per 100 Gats. Freit per Curcunio: PerCent- Larvae 
TREE: — PER 1,000 
No. Sprayed 5/15, 5/27, 6/6 Busnes June 14 Atharvest Fruits 
1 Acid lead arsenate 2 Ibs. 
Mono. zinc sulfate 4 lbs. 5.3 22 9 91 
Hydrated spray lime 6 Ibs. 
2 Basic lead arsenate 4 lbs. 
Hydrated spray lime 4 lbs. 5.3 31 9 119 
3 Cubé powder (5% rotenone 4 lbs. 
NNO (Mannitan monolaurate) 1 pt. 5.4 18 9 107 
4 Alorco eryolite 4 lbs. 
Grasselli Sticker-S preader i pt. 4.8 12 5 21 
5 Dutor 4 lbs. 
Grasselli Sticker-S preader } pt. 3.6 10 5 32 
0 Unsprayed checks 1 and 2 rows from woods 4.8 47 15 126 
Unsprayed checks 3 and 4 rows from woods 5.5 36 7 67 


Least significant difference on treatments 1 to 5 ine. — ~ 31 
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raked free of stones and debris around the 
base of each tree before fruit and leaf drop 
began. All fruits and leaves falling within 
the circles were counted and removed. 
The drop fruits were placed in paper bags 
and dusted with sulfur before being placed 
in }-inch mesh bags suspended over paper 
funnels in quart jars as shown in figure 3. 
Weekly total collections were reared sepa- 
rately for each tree. The time and extent 
of fruit drop together with the number of 
larvae reared and the number of harvested 
fruits is illustrated in figure 4. Since the 


sncircled area from which drop fruits ,, 
encircled Fic. 3.—A method of rearing plum curculio larvae 
leaves were removed enclosed approxi- from weekly collections of drop fruits from indi- 


mately one half of the total area beneath vidual trees used in 1940. 
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MATURE LARVAE PER TREE FROM WEEKS COLLECTION 


Fic. 4.—-Fruit drop and number of larvae reared compared with the total picked fruit per tree. Num- 
bers on the left hand column correspond with treatment numbers in table 5. 
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each tree, these counts were multiplied by 
two to arrive at totals for each tree. The 
harvest drops and picked fruit were 
counted and scored for curculio injury. A 
sample of 100 fruits was picked from each 
tree on June 14 and scored for curculio 
injury. The figures obtained are compared 
with curculio injury on harvest fruits and 


Fic. 5.—Marginal leaf injury attributed to early 
_.» fluorine sprays followed by a wet period. 


with the numbers of larvae reared per 
1,000 fruits when the total fruits were con- 
sidered in table 5. 

Spray INsury.—Shaggy bark produced 
by the splitting and callousing of bark on 
wood of bearing age was encountered dur- 
ing 1939 and 1940 where acid lead arse- 
nate was used. The effects of this type of 
injury on yield and life of trees has not 
been determined. Counts on this type of 
injury were taken in the Skinner orchard 
during 1939 and are recorded in the right 
hand column of table 4 and shown in fig- 
ure 2. 

Little foliage injury could be attributed 
to acid lead arsenate where it was used 
with zine sulfate and hydrated lime. A 
type of marginal leaf-injury appeared on 
trees sprayed with fluorines in 1940 im- 
mediately following a 5-day period of rain 
and fog occurring soon after the petal-fall 
spray. It is illustrated in figure 5. Further 
sprays to the injured foliage gave no addi- 
tional damage. The leaves injured at this 
period dropped within 3 to 7 weeks after 
petal-fall in 1940. The leaf-fall during this 
period was 2 to 5 times greater on trees 
sprayed with fluorines than on trees 
sprayed with arsenicals but there was little 
difference in leaf fall on all treatments 
from 8 weeks after petal-fall to harvest. 

No injury to fruits was observed on the 
fluorine treatment of 1939 but a heavy 
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early fruit drop illustrated in figure 4 ae- 
companied the early foliage injury that 
was previously mentioned for 1940. Most 
of the injured fruits dropped early in the 
1940 treatments 4 and 5 and only 1 per 
cent of the harvest fruits showed evidences 
of injury by the fluorine compounds. The 
appearance of these injured Elberta fruits 
at harvest can be described asa reddening 
of the upper and lower surfaces with green 
sunken cheeks predominating and with the 
tip of the fruit dwarfed or killed. Hale 
peaches in the orchard of a local grower, 
sprayed with a fluorine compound, showed 
more extensive damage at harvest. This 
type of injury illustrated in figure 6 was evi- 
denced by dwarfed and dimpled tips which 
resulted in a more rounded fruit. The 
quality of these Hale peaches was not 
otherwise impaired and early thinning by 
fluorine spray injury was probably re- 
sponsible for the large size of harvested 
fruits in this orchard. 

Discussion or Resuits. The cross- 
movement of curculio adults from sprayed 
and unsprayed trees probably lowered the 
infestation developing on check trees and 
raised the infestation of sprayed trees in 
relation to that which could have been 
expected had the experimental blocks been 


Fic. 6.—Hale peaches, one showing the dimpled tip 
attributed to early fluorine sprays followed by an 
early wet period. 
subjected to a uniform treatment. Simi- 
larly, the effectiveness of slow-acting pot 
sons is not thoroughly demonstrated 
where the plum curculio adults are able 
to deposit many eggs before death results. 
Further refinements in experimental tech- 
nique are necessary to determine the ef- 
fectiveness of slow-acting poisons such as 
the arsenicals used when applied at a still 
earlier date than in these experiments. It 


| 
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is evident that the arsenicals applied be- 
fore egg laying began and after consider- 
able feeding had occurred on foliage and 
flower parts did not afford sufficient pro- 
tection to the small fruits to greatly reduce 
the plum curculio population. 

The fluorine sprays gave the only out- 
standing reduction in numbers of larvae 
reared when compared with unsprayed 
trees but their use can not be recom- 
mended because of danger of injury in wet 
seasons unless further refinements or saf- 
eners are developed. Acid lead arsenate 
appears to be slightly more effective at 3 
pounds per 100 gallons than at 2 pounds 
per 100 gallons and in three applications 
beginning with the petal-fall than with 
two starting at the shuck-fall stage. Basic 
lead arsenate and Cubé powder as used 
in these experiments gave no objectionable 
injury and were not greatly inferior to 
acid lead arsenate. 

While zine sulfate and hydrated lime 
served to safen acid lead arsenate on foli- 
age they did not adequately prevent in- 
jury to bearing wood. 

Summary. —The plum curculio presents 
a problem to Pennsylvania peach growers 
that is not adequately met with the spray 
materials and schedules used. A study of 
this problem in local orchards during 1939 
and 1940 showed the presence of plum 
eurculio adults in the orchard from the 
blossoming period until after harvest with 
peaks of abundance of overwintered adults 
occurring near the petal-fall stage. 

In 1940, marked adults moved an aver- 


age distance of 94 feet in 12 days after re- 
lease with a maximum flight of 671 feet in 
40 days across a sprayed orchard. Egg 
laying progressed to a considerable extent 
before the shuck-fall stage and small drop 
fruits less than five-eighths inch in length 
produced most of the mature larvae. All 
the larvae matured between June 9 and 
August 1. The larvae were reared from 
drop peaches in rearing trays and in mesh 
bags connected with quart jars by paper 
funnels. 

The method of plat layout used in 1940, 
where each treatment was applied to 10 
trees in two outer rows of the orchard with 
records taken from total fruits, seemed to 
subject each treatment to a fairer test 
than the latin square design used in 1939 
but further refinements in experimental 
technique are desired. Greater effective- 
ness in control was attributed to fluorine 
sprays than to arsenicals but the injury 
to foliage and small fruits that occurred 
during an early wet period in 1940 sug- 
gests that they merit further trial only in 
combination with possible safeners. Acid 
lead arsenate safened with zine sulfate 
and hydrated lime was only slightly more 
effective than either basic lead arsenate or 
cubé root but three sprays did not 
greatly reduce the number of curculio lar- 
vae that matured when compared with 
unsprayed checks among the experimental 
treatments. The cumulative effects of acid 
lead arsenate injury to bark of bearing 
wood should receive further attention.— 
11-15-40. 
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OF THE Omnivorous Lear-Tier 


Oviposition habits of Cnephasia longana Haworth 
females were observed by means of flashlights dur- 
ing the evenings of June 20 to 25, 1940. Eggs were 
laid in crevices of wooden objects on a farm near 
Salem, Oregon. The eggs were laid singly in crevices 
of cedar fence posts, telephone poles, rough tree 
bark, and on the sides of unpainted shingle build- 
ings. They were laid on trees from about one foot 


above the ground up to as high as observers could 
climb. The air was calm during oviposition and the 
temperature ranged from 56 to 58° F. No field ovi- 
position of this insect has previously been recorded. 
—6-10-40. 

R. G. Rosenstiet, Department of Entomology, 
Oregon State College, Corvallis. 
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Lead Arsenate “Dynamite” Codling Moth Sprays 
in Pennsylvania* 


Haruan N. Wortutey and Harovp M. Steiner, Pennsylvania State College, State College, Pa. 


Inverted or “dynamite” spray mix- 
tures for control of the codling moth, 
Carpocapsa pomonella (L), were developed 
at the Washington Agricultural Experi- 
ment Station, as reported by Marshall 
(1937) and Marshall & Groves (1938). In 
these mixtures the suspended solid—lead 
arsenate or cryolite—is wet by the oil, so 
that it sticks to the sprayed surface. By 
increasing the quantity per tree, spray 
deposits can be built up to high levels, the 
run-off continuing to consist largely of 
water. Marshall (1937) has obtained satis- 
factory control of the codling moth by 
early season applications of inverted lead 
arsenate mixtures in a region where spray- 
ing with lead arsenate in suspension with 
the usual stickers must continue through 
two to four second-brood applications. 

Doubtless for several reasons, ““dyna- 
mite” sprays have not been tested in 
eastern apple orchards. The necessary 
amounts of spray material seem excessive 
to eastern apple growers. High residue 
levels would complicate fruit cleaning 
procedures at harvest. Except in restricted 
localities, size of the codling moth popu- 
lation alone would scarcely warrant such 
drastic spray treatment. 

Three considerations prompted the pres- 
ent study of “dynamite” sprays in Penn- 
sylvania. First, it was hoped that nearly 
complete protection through the period of 
first-brood attack might result from an 
extremely heavy lead arsenate deposit ap- 
plied early in June, and that subsequent 
growth of the small fruits present at that 
time might prevent the appearance of high 
residues at harvest. A high degree of first- 
brood control would prevent a dangerous 
build-up of the partial second brood of 
larvae common to this region. Second, 
early completion of the apple spray pro- 
gram would favor improvement in the 
spray injury situation over spray sched- 
ules requiring applications during hot 
midsummer weather. Third, economies for 
the grower were envisioned through sav- 
ings in labor and machinery time, and to 
a lesser extent, in materials. 


* Authorized for publication November 11, 1940, as Paper 
No. 1000 in the Journal Series of The Pennsylvania Agricultural 
Experiment Station. 


MatTeriats AND Mernops.—Proce- 
dures and ingredients for the preparation 
of “dynamite” mixtures were based upon 
the reported developments at the Wash- 
ington Agricultural Experiment Station. 
For the inverted lead arsenate sprays two 
solutions were prepared in advance. “A” 
consisted of 1 part oleic acid thoroughly 
stirred with 19 parts of oil. In 1937 this oil 
was a light grade of semi-refined lubricat- 
ing oil. In 1938 a mixture of 3 parts kero- 
sene and 1 part light-pressed menhaden 
fish oil was used. In 1939 and 1940 No. 2 
fuel oil replaced the kerosene. In 1940 the 
oleic acid was inadvertently omitted from 
the mixtures used. The omission did not 
affect flocculation. Its effect upon the 
spray deposits can be judged only from the 
results presented. “B” consisted of emul- 
sifier dispersed in water. In 1937 triethan- 
olamine was used, 1 part to 6 parts of 
water. In 1938 and later, “B” consisted of 
1 part monoethanolamine in 7 parts water. 

In the field, for each 100 gallons of 
finished spray, 0.5 pint of “B” was placed 
in 1 gallon of water, and 0.5 gallon of “A” 
was stirred in with a wire beater to pro- 
duce a milky emulsion. This emulsion was 
poured into the spray suspension of lead 
arsenate when the tank was nearly full. 
Small flocculi of lead arsenate formed al- 
most immediately, when spraying com- 
menced. Tank agitation was kept at a 
minimum, and the overflow was returned 
to the suction line rather than to the spray 
tank. Under these conditions the floecu- 
lated mixtures did not stick to the sides of 
the tank or form large curds. However, a 
solution of 0.5 pound zine sulfate crystals 
(23 per cent zinc) per gallon of water was 
kept on hand for use in controlling the 
degree of flocculation, as suggested by 
Marshall & Groves (1938). In the follow- 
ing tables the word “inverted” is used to 
designate these homemade “dynamite” 
mixtures as employed in the different 
years. 

In 1940, encouraged by reports of its 
successful use by Marshall & Groves 
(1937) and Moore et al. (1939), a cryolite 
“dynamite” spray was tested. This was 
prepared as follows, in amounts for 100 
gallons of diluted spray. 
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Cryolite (Alorco) 6 pounds of Agriculture. The authors are indebted 
“4,” 2 quarts of a 3 to 1 mixture of fuel and fish to H. W. Thurston, Jr. and H. J. Miller of 

oils. 


“B,” 91 grams of ammonium oleate, made by 
mixing 80 grams of 95 per cent oleic acid and 128 
ml. of 28 per cent ammonia. 

“C,” zine sulfate solution, about 1 quart, made by 
dissolving 8 ounces of zinc sulfate crystals (23 
per cent zinc) per gallon of water. 


“B” was placed in 1 gallon of water, 
“A” was stirred in, and the mixture was 
added to the suspension of cryolite when 
the spray tank was nearly full. “C” was 
then poured in slowly until the desired 
degree of flocculation was obtained. All 
inverted spray mixtures were applied at 
about twice the usual quantity per tree, in 
order to take advantage of the power of 
these mixtures to continue building up 
spray deposits after run-off begins. 

Experimental plots were laid out each 
year in the orchards of Adams County 
apple growers. Single tree replicates were 
used, and the treatments were randomized 
within each of five or six different blocks. 
Spray applications were made at 550 to 
600 pounds pressure, using a single-nozzle 
spray gun with a dise aperture of between 
0.15 and 0.19 inch. Trees were sprayed 
from within as well as without the foliage 
wall, with special attention to the top 
center branches. Routine records for each 
treatment included temperature and rela- 
tive humidity, wind velocity and direc- 
tion, character of the sky, and the number 
of gallons of spray used. Following the 
attack of first-brood larvae counts of 
worms and stings were made, usually in- 
volving 100 apples in the top and 100 ap- 
ples among the botton branches of each 
tree. All drop fruit was scored for worms, 
stings, and spray injury. At harvest, rec- 
ords were made of the tree yield and 
number of fruits per bushel. A sample of 
300 fruits per tree was selected for scoring 
by sampling all the picking crates uni- 
formly. Final infestation figures included 
both drop and picked fruit. As provided 
for in the plot layout, the figures were sub- 
jected to analysis of variance. The cal- 
culated least significant differences among 
treatment means are given at the foot of 
each of the following tables. 

The residue analyses reported for 1937 
and 1938 were made by D. E. H. Frear, 
Department of Agricultural and Biologi- 
cal Chemistry. In 1939, the figures were 
obtained by Claude R. Engle, Jr., Bureau 
of Chemistry, Pennsylvania Department 


the Department of Botany for the records 
on foliage injury and apple scab. The 
former were taken in August by scoring 
100 consecutive leaves on four branches 
per tree, one selected at random in each 
quarter. The incidence of apple scab in- 
fection was determined from the 300-ap- 
ple samples selected at harvest. 

SEASONAL OccurRENCE.—The prob- 
lem of codling moth control was somewhat 
different in the successive seasons covered 
by the present study, due to differences in 
weather conditions affecting dates of oc- 
currence and abundance of the various 
stages. Certain pertinent records are pre- 
sented in table 1. 


Table ne moth occurrence in experi- 
n 


mental orchards in Adams County, Pennsylvania. 
1937 1938 1939 1940 
Moth emergence—over- 
wintered b 
First May 19 May 6 May 12 May 18 
50% June 6 June 1l June 1 June 9 
Last July 2 June 21 June 27 July 1 
First entry of larvae June 5 -- May 29 June 8? 
First larvae in bands — June 29 June 24 July 5 
Moth emergence—first 
brood 
First July 15? July 5 July 14 July 19 
50°; Aug. 13 Aug. 3 Aug. Aug. 1 


4 
6 

Sept. 1 Sept. 7 Sept. 2 Sept. 3 
9 Sept. 25 


Last 
Last bait pail catch Sept. 17 Sept.20 Sept. 


. 1937. Second-brood attack checked by low temperatures in 
August. 

1938. First brood negligible. Heavy second-brood attack 
August 17 to 25. 

1939. First-brood attack concentrated in early June. Heavy 
second-brood attack in a hot, dry August. Last entry Sept. 7 

1940. Larger first brood than in recent years, appearing late. 
Heavy second-brood attack from late August through September. 


EXPeRIMENTAL Resutts.—In 1937 the 
experimental plots were laid out in a block 
of Jonathan apples in an orchard moder- 
ately infested by the codling moth. Two 
treatments were included to compare lead 
arsenate plus fish oil in a 5-cover spray 
schedule ending July 17 with 3-cover 
spray treatments ending June 26, in 
which double dosages per tree of inverted 
mixtures were applied in the second and 
third cover sprays. The results of this ex- 
periment are given in table 2. 

The abbreviated schedules of inverted 
lead arsenate sprays allowed insignificant 
increases in the worm population in the 
1937 tests. These encouraging results 
prompted the inclusion of 2 and 3-cover 
spray “dynamite” schedules in the tests of 
1988. The orchard selected proved to sup- 
port only an average codling moth popu- 
lation. The high degree of protection 
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Table 2.—Codling moth control. Jonathan. Sachs orchard. Biglerville, Pa. 1937. Cover spray dates 
7, 7/17. 


6/4, 6/15, 6/26, 7/7, tree 6 replicates. 
Tor AL 
Per Cent Fruir Worms PER Cover RESIDUE-GR. 
MATERIALS AND AMOUNTS UNINJURED 100 ApPLes SPRAY LB. AT HARvVest 
Treat. PER 100 GALLONS OF ——_—<—<— 
No. or Spray* July 21 Harvest July 21 Harvest Gal. per tree Pb AsO, 
3 Lead arsenate 3 lbs., “fish 
oil 1 pint: 5 covers 90.8 91.6 66 1.3 68 O54 O41 
6 Lead arsenate 3 lbs. : 3 cov- 
ers, inverted in 2nd and 
Srdt 94.3 88.2 66 2.7 59 O46 092 
5 Lead arsenate 3 Ibs. : 3 cov- 
ers, inverted in 2nd and 
3rd with Petrocide 2 qts.¢ 91.6 85.9 0 3.1 59 038 O10 
9 No cover sprays 81.6 72.7 14.2 $3.5 


Least ‘significant 
at 5% level $3.8 2.3 


* See section “Materials and Methods” for composition of inverted spray mixtures reported in tables 2 to 6. 
t Average dosage of 13 gallons per tree raised to 23 gallons with inverted mixtures. 
A proprietary copper fungicide, included in 3 sprays, severely russetted about half the fruit in these treatments 


against first brood attack afforded by all results with other materials previously 
the experimental treatments evidently reported by Worthley (19389). 


carried through for the rest of the season. In 1939 two expe ‘rimental blocks con- 
Under these conditions one “dynamite” tained comparisons of regular lead arse- 
application as a second cover spray gave nate sprays with inverted mixtures. The 
control equal to a 4-spray schedule of the Sachs orchard was heavily infested, and 


usual lead arsenate mixture. Table 3 pre- trees receiving ‘only first-brood sprays 
sents the figures, as separated from the failed to show satisfactory codling moth 


Table 3.—Codling moth control. Garrettson orchard. Arendtsville, Pa., 1938. Varieties Stayman 
(upper and Jonathan figure). tree 6 


Drop Torta Cover ReSIDUE-GR. /LB. 
Pickep Fruit Spray Gas. at Harvest 
Marertats, AMOUNTS PER 100 
TREAT. GALLONS OF SPRAY, AND Percent Worms per Per 
No. Dates or APPLICATION uninjured 100 apples tree Pb As05 
2 Lead arsenate 3 ibn skim milk 
powder 0.5 Ib., hydrated lime 89.3 1.9 70 072 004 
0.5 Ib. 5/25, 6/6, 6/17, 6/30* 95.0 0.8 70 O80 O45 
5 Lead arsenate 3 lbs., copper 
phosphate mix 16 Ibs., 5/25t 
Lead arsenate 6 lbs. inverted: 
5/31. Lead arsenate 3 Ibs. in- 9.3 1.4 66 071 OM 
verted: 6/9 97.3 0.7 66 089 027 
6 Lead arsenate 3 lbs., copper 
phosphate mix 16 Ibs.: 
Lead arsenate 6 lbs. inverted: 91.5 1.9 +3 076 029 
6.6. 96.8 0.7 O76 0383 
0 No cover sprays 69.2 32.9 
84.7 12.8 
Least significant difference at 5 5.5 1.2 
per cent level 2.4 0.5 


* Liquid lime sulfur 1.3 gallons included in all but 3rd cover. 29 per cent of the Stayman and 5 per cent of the Jonathan showed 
spray russet. 

t Copper phosphate 4 Ibs., hydrated lime 8 Ibs., bentonite 4 Ibs. Included in the Ist cover spray only, it caused no spray myury 
to fruits of either variety, but allowed a slight increase in a very light infection of apple scab. 
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Table 4.—Codling moth control. Jonathan. Sachs orchard. Biglerville, Pa. 1939. Single tree plots, 


5 replicates. 
Drop AND 
Pickep Fruit Cover 
MATERIALS, AMOUNTS PER SPRAY at Harvest 
TREAT. GALLONS OF SPRAY, AND DATES Percent Worms per 
No. or APPLICATION uninjured 100 apples Gal. per tree Pb 
4 Lead arsenate 3 Ibs., lime sulfur 
1.3 gals., hydrated lime 0.5 Ib., 
skim milk powder 0.5 lb., man- 
ganese sulfate 4 ounces: 5/29, 6/8, 
6/20, 7/1 49.1 31.2 62 045 
9 Ist cover as above, 5/29 
2nd (final) cover, lead arsenate 
3 Ibs., inverted with Spredrite 
1 pint, Bancroft clay 0.5 lb., and 
Sherwin-Williams Summer Oil 
Emulsion 1.2 qts., 6/8 55.8 33.2 35 028 
0 No cover sprays 30.6 103.1 = .009 
Least significant difference at 5 
per cent level 8.4 13.1 —_ -004 


Table 5.—Codling moth control. Lady orchard. Arendtsville, Pa. 1939. Varieties York Imperial 
(upper figure) and Stayman Winesap (lower figure). Single tree plots, 5 replicates. 


Drop AnD 


Pickep Fruit Tota. Cover 
Martertats, AMountTs per 100 SPRAY At Harvest 
Treat.  GaALtons or Spray, AND Dates Percent Worms per - 
No. or APPLICATION uninjured 100 apples Gal. per tree Pb 
1 Lead arsenate 3 Ibs., lime sulfur 
1.3 gals., hydrated lime 0.5 Ib., 
j skim milk powder 0.5 Ib., man- 
ganese sulfate 4 ounces: 6/1, 6/10, 82.9 2.1 61.5 027 
6/21, 7/1 93.1 1.0 61.5 O31 
3 Ist cover as Treat. 1: 6/1. 2nd 
cover, lead arsenate 3 Ibs., in- 
verted with NSpredrite 1 pint, 
Bancroft clay 0.5) Ib. and 
Sherwin-Williams Summer Oil 
quart: 6 10. Final cover as Treat. 84.8 1.1 46 
1: 7/1 92.6 1.4 46 O24 
+ Ist cover as Treat. 1: 6/1. 2nd 
(final) cover, lead arsenate 3 Ibs., 82.7 2.0 35.5 024 
inverted: 6 10 93.9 1.0 35.5 .027 
5 Ist cover as Treat. 1: 6 1. 2nd 
(final) cover, lead arsenate 6 Ibs., 
inverted with S praylastic 2 quarts 87.9 1.6 34.5 O21 
and Bancroft clay 0.5 Ib.: 6/10 94.6 34.5 024 
6 Ist cover as Treat. 1: 6/1. 2nd 
(final) cover, lead arsenate 6 Ibs., 
inverted with Orther 1 pint 86.5 34.7 O24 
94.8 1.5 34.7 
0 Unsprayed trees 70.5 34 004 
25.5 


control. Second-brood attack was heavy, — will be seen from the figures in table 4, a 
due to the influx of first-brood moths schedule ceasing with an inverted lead 
from poorly protected trees. However, as arsenate application on June 8 allowed 


{ 
| 
| 


260 


the development of only a few more worms 
than a non-inverted schedule of four cover 
sprays ending on July 1. 

The isolated Lady orchard (Table 5) 
was heavily infested in 1938. In 1939 it 
was completely sprayed with the experi- 
mental mixtures. A high degree of first- 
brood control resulted, and the dangerous 
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brood attack, and the average reached 
140 worms per 100 apples by picking time. 
The experimental setup included a total 
of 25 treatments, several of which gave 
relatively poor control, allowing the de- 
velopment of many first-brood larvae. In 
addition, the block was bordered on three 
sides by trees supporting heavy codling 


Table 6.—Codling moth control. Stayman Winesap. Baugher orchard. Aspers, Pa. 1940. Single tree 


plots, 6 replicates. 


Martertats, AMOUNTS PER 100 


TREat. GALLONS oF Spray, AND Dates 
No. or APPLICATION 
1 Lead arsenate 3 lbs., lime sulfur 1.8 gals., 


skim milk powder .5 lb. manganese sulfate 
4 ozs.: 6/6, 6/11,* 6/17, 6/27, 7/16 


First cover as abore in all treatments listed below. 


2 2nd cover lead arsenate 6 lbs., inverted: 
6/12. No later sprays 

3 2nd cover as Treat. 2. 3rd cover, lime sul- 
fur 1.3 gals., hydrated lime 3 Ibs.: 7/16 

4 2nd cover as Treat. 2. 3rd cover, 2-4-100 
bordeaux: 7/16 

5 As Treat. 4, with nicotine sulfate 1 pint, 


added in 2nd cover 


Per Cent 
Frvuir _ 


Tor AL ( OVER 
SPRAY 


Worms PER 
100 APPLES 


Third cover as in Treatment 4, in treatments listed below. 


6 2nd cover Alorco cryolite 6 lbs., inverted: 
6,12 

7 2nd cover, lead arsenate 6 Ibs., inverted 
with Spredrife 1 pint and summer oil emul- 
sion 1.25 qts.: 6,12 

8 2nd cover lead arsenate 6 lbs., inverted 
with Orther 3 pints: 6/12 

9 2nd cover lead arsenate 6 Ibs, inverted 
with Spraylastic 3 pints: 6 12 

0 Unsprayed trees 


Least significant difference at 5°; level 


Uninsurep July Harvest Gal. per tree 
59.7 1.1 6.8 63.3 
59.1 1.6 20.8 36.2 
58.4 1.0 21.5 49.5 
58.0 1.3 25.9 51.5 
57.5 1.5 20.9 52.0 
46.9 63.0 52.9 
65.1 17.0 53.7 
61.1 0.6 22.2 52.0 
57.8 1.1 27.3 53.7 
21.9 59.0 140.38 

9.2 11.7 


* Directed at tops of trees only. 


second brood produced generally in this 
region failed to develop in this orchard. 
The homemade “dynamite” sprays, and 
those inverted through the use of pro- 
prietary materials, gave control equal to 
the more extended standard lead arsenate 
schedule. 

The orchard used for 1940 tests prob- 
ably represents a maximum current cod- 
ling moth population for Adams County. 
Unsprayed trees produced an average of 
59 worms per 100 apples through first 


moth populations. This situation consti- 
tuted a severe test for the abbreviated 
“dynamite” applications, especially so 
since the peak of second-brood attack 
came at least a week later than in a normal 
season. The figures in table 6 show that, 
with the exception of the eryolite “dyna- 
mite” treatment, the schedules carrying a 
final inverted lead arsenate spray on June 
12 gave as good protection up to July 23 
as a schedule of four complete lead arse- 
nate applications plus a “top-off,” with the 
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final spray on July 16. However, by the 
time of the late second-brood attack, resi- 
dues remaining from the inverted spray 
mixtures applied two months previously 
were too light to be effective. In most of 
these treatments, worminess increased by 
harvest to about three times the level 
reached in the more extended schedule 
that ended on July 16. The treatments in 
which lead arsenate was inverted through 
the use of proprietary materials gave re- 
sults comparable to those obtained with 
the homemade “dynamite” mixtures. 
These seemed to be little affected by the 
inclusion of nicotine sulfate, nor by a later 
application of liquid lime sulfur or bor- 
deaux mixture. 

Coptinc Motu Controi.—It is con- 
cluded, from a study of the results of field 
comparisons extending over the past four 
seasons, that inverted or so-called ““dyna- 
mite” mixtures, when timed as a second 
(and final) cover spray, will give at least 
as good protection against first-brood 
codling moth attack as the usual four- or 
five-cover spray schedule. To accomplish 
this result the inverted spray mixture 
should contain twice the standard concen- 
tration of lead arsenate, and the spray 
application should be extremely thorough, 
employing from two to three times the 
amount of spray necessary to cause run- 
off from the foliage in the top center of the 
tree. Where a whole orchard is so treated, 
and is not subject to the invasion of moths 
from closely adjacent trees, second-brood 
larvae will be scarce, and further spraying 
for codling moth control will not be nec- 
essary. Supplementary applications may 
be advisable in August, however, if sea- 
sonal conditions favor the development of 
a large second brood of larvae, and if the 
orchard is subject to reinfestation. 

Spray Resipves.—The deposition of 
lead and arsenic from the inverted sprays 
of 1937 and 1938, and the retention of 
these elements on the apple fruits, have 
been presented in detail by Frear & 
Worthley (1940). The analyses of 1937 
showed that when the last of two “dyna- 
mite” applications containing 3 pounds 
of lead arsenate per 100 gallons of spray 
fell on June 26, the deposits remaining on 
July 28 were lower than where four non- 
inverted sprays had been applied in a 
schedule ending on July 17. Fruit analyses 
made on July 1, 1938, however, revealed 
nearly as much lead and arsenic remaining 


from the tremendous deposits left by the 
“dynamite” application of June 6 as from 
a schedule of four non-inverted sprays 
ending on June 30. The “dynamite” spray 
employed a double concentration of lead 
arsenate. 

At harvest in 1937 lead and arsenic resi- 
dues on the Jonathan apples were below 
the revised tolerances of 1940 (Pb, .05 
gr./lb., AseO; .025 gr./lb.). On Stayman 
and Jonathan apples, the inverted mix- 
tures used in 1938 produced harvest resi- 
dues in excess of these tolerances. On the 
Jonathan apples in the Sachs orchard in 
1939, the “dynamite” treatment showed 
nearly one-third less lead at harvest than 
the “regular” schedule. In the Lady or- 
chard, however, the York and Stayman 
apples showed no marked differences be- 
tween treatments. All were below the pres- 
ent tolerance. 

Spray Insury anp Apple ScaB Con- 
TROL.— Records of spray injury to fruit 
and foliage, and of disease infections, have 
been taken whenever these conditions 
were apparent. In the Garrettson orchard 
in 1938 (‘Table 3), 47 per cent of the Stay- 
man fruit sprayed with the regular sched- 
ule (treatment 2) showed “‘sulfur’’ russet. 
The “dynamite” schedules and check 
trees showed about one-third as much. In 
this variety in the Baugher orchard in 
1940, 10 per cent of the unsprayed fruit 
was russetted. By comparison, the regular 
schedule showed 8.8 per cent, the “dyna- 
mite” without later fungicide, 12 per cent, 
and the eryolite “dynamite,” 15.7 per 
cent russetted fruit. The remaining in- 
verted mixtures fell within these limits. 

Foliage injury of the type attributed to 
soluble arsenic affected 67 per cent of the 
Jonathan foliage sprayed with the regular 
schedule in the Garrettson orchard in 
1938. On trees that received no cover 
sprays, 16 per cent of the foliage was in- 
jured. Three and four times as much in- 
jury was present on trees receiving one 
and two “dynamite” applications, re- 
spectively. On Stayman in the Baugher 
orchard in 1940, 14.7 per cent of the foli- 
age on unsprayed trees showed “‘arsenic” 
injury. In the sprays inverted through the 
use of proprietary materials (treatments 
7, 8, 9) the injury ranged from 40 to 45 
per cent. With the regular schedule (treat- 
ment 1) it was 49.6 per cent. The home- 
made “dynamite” followed by bordeaux 
mixture (treatment 4) showed 54.7 per 
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cent injured foliage, while the same treat- 
ment with nicotine sulfate added to the 
second cover spray (treatment 5) showed 
61 per cent. Where lime sulfur followed 
the “dynamite” application (treatment 3), 
70.4 per cent of the foliage was burned 
while the injury reached 74.6 per cent 
where no fungicide followed the dynamite 
application. 

Fungicides have not been added to the 
inverted spray mixtures considered. Dis- 


Table 7.—Spray gallons used in experiments. 


NUMBER AND NATURE 


Repuc- 


GALLONS 
or Cover Sprays PER TREE — TION 
4—standard concentration 
and dosage 65.0 
3—l1 standard, 2 “dynamite” —62..5 4.0% 
3—2 standard, 1 “dynamite” = 51.4 20.9% 
2—1 standard, 1 “dynamite” 36.5 42.3% 


ease control has been sought by careful 
attention to the spray program through 
the first cover spray, and in 1940 by the 
inclusion of later applications in the sched- 
ule. In the Garrettson orchard in 1938 
control of apple scab had been largely ac- 
complished before the experimental treat- 
ments were applied. Stayman apples 
sprayed with the regular schedule showed 
5.7 per cent scabby fruit at harvest, while 
the two inverted spray plots showed 7 
and 7.2 per cent. Fruit receiving no cover 
sprays was 14.5 per cent scabby. In the 
Lady orchard in 1939 totally unsprayed 
Stayman trees bore 46 per cent scabby 
fruit. In the absence of earlier spray ap- 
plications trees receiving the regular 
schedule of cover sprays showed 20 per 
cent scab. Where lime sulfur was used 
only in the first cover spray, followed by 
one inverted spray mixture (treatments 
4, 5, 6), the figures were 27, 26 and 23 per 
cent, respectively. In treatment 3, where 
the inverted spray was followed by a see- 
ond application of lime sulfur, scab infec- 
tion dropped to 17 per cent. In the 1940 
plots unsprayed trees produced 24.6 per 
cent seabby fruit. No “dynamite” treat- 
ment allowed a scab infection greater than 
0.7 per cent. All employed liquid lime sul- 
fur through the first cover spray. 

It is felt that neither spray injury nor 
apple scab need be a problem where in- 
verted spray mixtures are employed. The 
junior author was successful in 1940 in 
inverting a mixture containing 2-4-100 
bordeaux plus 4.5 pounds of lead arsenate. 
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The runoff showed no signs of solids, and 
single trees of York and MacIntosh on the 
Arendtsville laboratory grounds exhibited 
a dense bluish-white coating that persisted 
until late in the season. No spray injury 
appeared, and good protection against 
codling moth attack was maintained. 
Similar mixtures will be tested under or- 
chard conditions, and on varieties sus- 
ceptible to copper russet. 

Costs.—-Savings in operating costs 
have been evident in the experimental 
application of abbreviated spray schedules 
containing inverted spray mixtures. This 
is shown in the amounts of spray material 
used in the various treatments reported in 
tables 2 to 6. These figures have been 
averaged for presentation in table 7. 

The savings in spray gallons shown in 
table 7 were matched roughly by savings 
in labor and machinery charges. The 
saving in cost of materials has been less, 
however, varying in amount with the 
composition of the various spray mixtures. 
Detailed cost comparisons must await 
the semi-commercial use of “dynamite” 
schedules. The records presented indicate, 
however, that in comparison with present 
practise in south-central Pennsylvania, 
savings of 20 per cent in the cost of the 
cover-spray program may be expected. 

Summary. Field tests covering a four- 
year period are reported with so-called 
“dynamite” or inverted spray mixtures, 
in which the particles of solid toxicant are 
preferentially wetted by oil and so stick 
to the sprayed surface. In over-spraying 
the run-off continues to consist largely of 
water, and deposits can be built up to 
high levels. With one such inverted lead 
arsenate spray timed as a second cover, 
carrying double the usual concentration 
of lead arsenate, and applied at double 
the usual quantity per tree, control of first- 
brood codling moth larvae has equalled 
that obtained with standard schedules 
of four or five lead arsenate cover sprays. 
In general, the problems of residue re- 
moval, apple seab control, and spray in- 
jury have not been complicated by the use 
of “dynamite” sprays in June. Results 
suggest the desirability of later applica- 
tions in years of codling moth abundance 
in orchards subject to reinfestation from 
adjacent plantings. Successful schedules of 
inverted sprays have saved about one- 
fifth the cost of the usual schedule of four 
cover sprays. — 11-15-40. 
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Experiments with Chemicals on Codling Moth Larvae in the 
Dormant Season 


Joseru M. Ginspurc, New Jersey Agricultural Experiment Station, New Brunswick* 


The difficulties and foliage injury fre- 
quently encountered in controlling codling 
moth during the growing season, in apple 
orchards located in areas where two or 
more broods prevail, again brought to the 
fore the problem of exterminating this 
pest during the dormant period. From 
November to May this insect exists in the 
larval stage, hibernating in cocoons at- 
tached to the tree. While a small percent- 
age will hibernate in fruit packing houses, 
props and wood trash on the ground, the 
main source is the trunk and branches of 
the apple tree. Experiments conducted by 
Headlee (1928, 1929) have shown that, 
under New Jersey conditions, from 75 to 
90 per cent of the overwintering larvae are 
found on the trunk and rough bark sec- 
tions of the large limbs. The others seem 
to hibernate in crotches, cankers and 
pruning scars in the upper parts of the 
tree. Few larvae are found on limbs with 
smooth bark, and practically none on the 
ground. Thus, the great majority of over- 
wintering larvae may be found on the 
lower part of the tree, primarily in the 
corky bark of the trunk. It is conceivable 
that if this overwintering generation could 
be exterminated in the dormant stage, 
the problem of controlling codling moth 
in the summer would be comparatively 
simple, and might not require heavy oil- 
arsenic sprays, as now practiced. Further- 
more, while the apple tree is in full dor- 
mancy it can stand comparatively high 
concentrations of toxic chemicals without 
injurious effects. It is obvious that in 
order to kill the hibernating larvae in their 


* Paper of the Journal Series, New Jersey Agricultural Experi- 
ment Station, Department of Entomology. 


water resisting cocoons, either a highly 
penetrating liquid or a gaseous insecticide 
may be necessary. It is equally obvious 
that the chemicals must be inexpensive if 
high concentrations should be necessary 
to break through the cocoons. 

With the above views in mind, it has 
been the aim of this investigation to de- 
velop a chemical method for controlling 
codling moth on apple trees during the 
dormant season under conditions pre- 
vailing in New Jersey orchards. With the 
same objective the writer tested various 
fumigants under laboratory conditions 
several years ago. The results (Ginsburg 
1933) have indicated that over-wintering 
codling moth larvae are susceptible—the 
most to ethylene chlorhydrin and hydro- 
cyanic acid, and the least to carbon bisul- 
fide and ethyl acetate. The physical 
method of scraping off the rough, corky 
bark, practiced for many years in New 
Jersey and in other apple growing regions, 
has proved expensive and not entirely 
satisfactory because the scraping tool 
cannot always reach deep cracks, crevices 
and similar hibernating places. A dormant 
water miscible pine oil spray was devel- 
oped by Headlee (1930), and Thompson 
& Worthley (1933) for treating trunk and 
branches which has proved more effective 
than scraping, due to its penetrating prop- 
erties. Experience among orchardists, 
however, has shown that the high concen- 
tration of this pine oil mixture required to 
kill larvae is not entirely safe on the tree, 
especially when used more than one year 
in succession. Its application is, therefore, 
limited to painting cracks, crevices, can- 
kers, and pruning scars after the rough 
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bark has been scraped off (Headlee 1933). 
Recently, Gnadinger et al. (1940) reported 
99 per cent kill of larvae on Jonathan 
trunks sprayed with kerosene containing 
about 0.06 per cent pyrethrins. 

Metnops Several 
groups of compounds which were shown, 
in previous experiments, to possess vary- 
ing degrees of toxicity either to codling 
moth or to other insects, were selected for 
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and were kept in the laboratory at 75 to 
80° F. and a relative humidity of 45 to 55 
per cent. Within a period of 2 to 4 days 
after treatment the dead and live larvae 
were counted. Chemicals showing high per 
cent kill were re-tested in lower concen- 
trations. The larvae in the corrugated 
paper were collected in the fall of 1939 
from burlap bands on apple trees, were 
allowed to spin up in the corrugations and 


Table 1.—Laboratory tests with water solutions of different chemicals on larvae in corrugated 


paper. 


NAME ForMULA 
Methyl bromide CH,Br 
Ethyl bromide CH,CH.Br 
Benzene CH, 
Chloro benzene 
Nitro benzene 
Bromo benzene Cy 
Dinitro benzene 
Trinitro benzene 
Phenol 


0-NOLC HOH) 
HOH) 
HOH) 
HOH) 
0-CH.C. HOH) 


Nitro phenol 

Dinitro phenol 
Dichloro phenol 
Trichloro phenol 
Cresol 

Cresol 

Dinitro cresol 

Nitro anisole 
Toluidine 

Ethylene chlorhydrin 
Ethylene chlorhydrin 


0-NOLC HOCH) 
O-CHLC HANH, 
CH.C] CH,(OH) 
CH.C!] CHOW) 


Dichlorethyl ether 
Dichlorethy] ether (C1 
Cresol' 
Phenol! 


Cresylic acid! 

Tar oil emulsion 

Petroleum oil! (70 viscosity) 
Check (water 


HOH) 


NUMBER Per 


Per 
IN OF CENT 
SOLUTION LARVAE Kin 
16 
0.9 16 0 
0.08 0 
0.05 12 17 
0.02 10 10 
0.04 9 
0.30 9 10 
O.04 12 
1.50 22 100 
0.20 7 0 
0.50 s 0 
0.45 $5 
0.08 6 0 
1.50 20 100 
0.75 
saturated S 0 
0.16 7 0 
1.50 12 MO 
1.0 17 oF 
O05 13 55 
1.0 27 100 
0.5 
1.2 12 100 
1.2 IS 35 
1.2 7 100 
5.2 12 66 
7.0 Is 70 
23 0 


! Water miscible. 


thisinvestigation. They consisted primarily 
of organic solvents; several petroleum dis- 
tillates and halogen and nitrogen deriva- 
tives of aliphatic and aromatic hydrocar- 
bons. Depending on their solubility, the 
chemicals were tested in various concen- 
trations in water solutions, in) various 
dilutions as emulsions, and in their con- 
centrated form. In the laboratory, corru- 
gated paper and pieces of bark containing 
overwintering larvae were dipped in the 
mixture to be tested for about 10 seconds. 
These were then transferred to wide 
mouth glass bottles containing cotton on 
the bottom, to absorb excess solution 


dripping down from the treated material, 


then stored at 38 to 40° F. Pieces of bark 
containing larvae were removed from 
Rome trees, kept in the laboratory for one 
or two days in order to allow the larvae to 
mend the torn parts of the cocoon, often 
unavoidable during removal, and then 
stored in the refrigerator. In this manner 
a stock of larvae was always on hand for 
testing. 

Chemicals which showed high toxicity 
in the laboratory were tested in orchards 
on several varieties of apple trees infested 
with codling moth. Most of the sprays 
were applied by either knapsack sprayer 
or bucket pump and only on three trees 
a power sprayer was employed. The sprays 
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(with one exception) were applied only on 
trunks and large limbs, avoiding young 
branches and buds. Altogether, 68 trees 
were sprayed. Wherever water was used 
as a diluent, requiring a wetting agent for 
thorough coverage and penetration, so- 
dium lauryl sulfate 1 to 1000 was added. 

The water-insoluble materials were 
made water miscible by incorporating one 
of the following three emulsifying agents, 
depending on the nature of the organic 
liquid: sodium lauryl sulfate, triethanol- 
amine oleate, and sulfonated sperm oil. 

Within a week or ten days after spray- 
ing in the orchard, as many larvae as 
could be found on the treated trunks and 
limbs were collected for examination. The 
field experiments were conducted in two 
commercial orchards in South Jersey, lo- 
vated in a heavy codling moth area. 

Lavoratory Experiments. —Prelim- 
inary tests with some 25 compounds (Ta- 
ble 1) in water saturated solutions on lar- 
vae in corrugated paper have shown the 
following four to be highly toxie in con- 
centrations of from 0.5 to 1.5 per cent: 
dichlorethyl ether, ethylene chlorhydrin, 
phenol, and cresol. However, re- 
tested on bark hibernacula only dichlor- 
ethyl ether retained its high toxicity, while 
the other three compounds failed to pene- 
trate the cocoon even in the presence of 
the wetting agent and showed very low 
kill (0 30 per cent). In view of these dif- 
ferences the corrugated paper was diseard- 
ed and only larvae hibernating in bark 
(their natural habitat) were employed in 
all the subsequent tests. 

Dichlorethyl ether was subjected to 
further testing in water solutions, alone 
and in combination with 3 per cent pe- 
troleum oil and 0.66 per cent tar oil (1940 
New Jersey delayed dormant spray). The 
results presented in Table 2 show that 
with approximately one per cent concen- 
trations complete kill of larvae in the bark 
was always secured whether or not wet- 
ting agent, petroleum or tar oils were add- 
ed. In concentrations of 0.5 per cent the 
percentage kill ranged from 50 to 100. In 
concentrations of 0.25 per cent the kill of 
larvae varied from 0 to 40 per cent. 

During April, laboratory tests were con- 
tinued with a group of water insoluble or- 
ganic solvents, selected primarily on ac- 
count of their high penetrating properties. 
The results in Table 3 show that every one 
of the nine solvents killed 100 per cent lar- 
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Table 2.—Laboratory tests with water solu- 
tions of dichlorethyl ether on larvae in bark. 


Per Cent 
DicuLoretayL NuMBER 
SPRAY ETHER IN or Per Cent 
Composition SOLUTION LARVAE Deap 

0.25 10 0 
Dichlorethyl ether 0.50 15 50 

1.00 16 100 
Dichlorethyl ether 0.25 26 30 
+wetting agent 0.50 23 85 

1.00 100 
Dichlorethyl ether 0.25 20 40 
emulsified with 27 0.50 18 100 
sulfonated sperm oil 1.00 22 100 
Dichlorethyl ether 0.25 34 83 
+3°) emulsified 0.50 44 80 
petroleum oil of 75 0.75 15 100 
Vise, 1.00 53 100 
Dichlorethyl ether 0.50 16 100 
+0.66°) emulsified 1.00 23 100 
tar oil 


vae when applied in concentrated form. In 
water dilutions, o-dichlorobenzene was of 
hghest toxicity, killing 75 per cent larvae 
in concentration of 1 per cent. Kerosene, 
the cheapest solvent of the entire group, 
gave complete kill of larvae in concentra- 
tions of 19 per cent or higher. 

Orcuarp Tests.—Of all the chemicals 
thus far tested in the laboratory, dichlor- 
ethyl ether proved most toxic to larvae in 
low concentrations. It was therefore se- 
lected for testing in the orchard in water 
solutions, and in combination with oil 
emulsion and other solvents. Since di- 
chlorethyl] ether is only about one per cent 


Table 3.—Laboratory tests with water in solu- 
ble organic solvents and dichlorethyl ether solu- 
tions on larvae hibernating in bark. 


CONCEN- 
TRATION Noumper Per 
OF or CENT 
CHEMICAL CuemicaL Larvae 
Per cent 
Ethylene dichloride 100.0 16 100 
Ethylene dichloride +25°; tri- 1.0 16 50 
ethanolamine oleate 2.0 12 50 
Trichlorethylene 100.0 10 100 
Trichlorethylene sodium 
lauryl sulfate 1.0 12 33 
o-dichloro benzene 100.0 15 100 
o-dichloro benzene +10) sodium 
laury! sulfate 1.0 10 75 
Methyl isopropyl ketone 100.0 12 100 
Methyl isopropyl ketone +1°7 1.3 5 60 
sodium lauryl! sulfate 6.5 6 50 
Pine oil (Hercules Solvent #1) 100.0 8 100 
Pine oil (Hercules Solvent #1) + 
25°) sulfonated sperm oil 7.5 12 60 
Petroleum distillates 
*1—B.R. = 200-275 100.0 10 100 
#2—B.R. =275-350 100.0 10 100 
#3—B.R. =305 385 100.0 10 100 
Kerosene B.R. =375-310 100.0 10 100 
Kerosene +25°; sulfonated sperm [{ 7.5 20 20 
oil 10.0 20 40 
19.0 2 100 
Dichlorethyl ether, water solu- 
tion 1.0 20 100 
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soluble in water it became necessary to 
emulsify it when higher spray concentra- 
tions were desired. Sulfonated sperm oil 
proved efficient. From 1 to 2 per cent of 
this emulsifier produces a stable emulsion 
of approximately two-thirds dichlorethyl 
ether and one-third water, while about 25 
per cent was required to make it com- 
pletely water miscible. Eight different 
spray mixtures were applied in early April, 
employing bucket pump, knapsack, and 
power sprayers. Three concentrations of 
dichlorethyl ether were used: 0.75, 1 and 2 


Table 4.—Orchard tests with water solutions of dichlorethy! ether, using different types of sprayers. 
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Smokehouse and Delicious. The composi- 
tion of the spray mixtures and the results 
are given in Table 5. The trunks and main 
limbs were sprayed as high as could be 
reached with a knapsack sprayer. Pupa- 
tion started just about this time and of- 
fered an opportunity to study the effect of 
these sprays on both larvae and pupae. 
Since significant differences occurred, the 
data (Table 5) are presented separately 
for each of the two insect stages. When- 
ever empty pupal shells were found, indi- 
cating emergence of adults, they were con- 


Type or 
Composition or SPRAYER 
SPRAY Usep 


Dichlorethyl ether =0.75°% 
+wetting agent 
Dichlorethyl ether =0.75°% 
+wetting agent 
*Dichlorethyl ether=0.75% 
+ wetting agent 
Dichlorethyl ether= 1°; 
+wetting agent 
Dichlorethyl ether = 2°; 
+wetting agent 
Dichlorethyl ether=0.75°% 
+emulsified petroleum oil of 
75 viscosity 
Dichlorethyl ether = 1% 
+6.5% emulsified kerosene Knapsack 
Check—not sprayed _— 


Bucket pump 
Power sprayer 
Power sprayer 
Bucket pump 
Bucket pump 


Bucket pump 


NUMBER LARVAE Per 

TREE OF CENT 

VARIETY TREES LECTED 
Rome 2 48 0 
Rome 2 26 23 
Rome 1 18 30 
Smokehouse 3 62 10 
Smokehouse l 20 
Rome 2 47 10 
Smokehouse 2 18 72 
Rome 5 108 7 


* Entire tree sprayed. 


per cent. Within a week after spraying, as 
many larvae as could be found on the 
treated trunks were removed for examina- 
tion. 

From the results in Table 4 it appears 
that the concentrations of dichlorethyl 
ether which killed 100 per cent larvae un- 
der laboratory conditions produced very 
low kill in the orchard, the highest being 
40 per cent obtained with 2 per cent of 
this chemical. The addition of 6.5 per cent 
kerosene increased the kill to 72 per cent. 
Apparently the water in the spray pre- 
vented the chemical from penetrating un- 
der the bark where the larval cocoon is at- 
tached. This suggested for consideration 
and testing high concentrations of com- 
paratively cheap solvent. Kerosene was 
selected. 

In early May a series of five kerosene 
sprays, with and without dichlorethyl 
ether, were applied on 35 trees of the fol- 
lowing varieties: Grimes, Jonathan, 


sidered as “live pupae” in calculating the 
percentage kill. 

The results indicate a higher percentage 
kill of larvae than of pupae. These differ- 
ences are especially pronounced in the wa- 
ter diluted sprays. Kerosene gave 95 per 
cent kill of larvae and 73 per cent kill of 
pupae, whereas an emulsion, diluted to 
contain 17 per cent kerosene, killed 93 per 
cent larvae and only 21 per cent pupae. 
Again, kerosene plus 1 per cent dichlor- 
ethyl ether shows 94 per cent and 87 per 
cent dead larvae and pupae respectively, 
while the diluted spray containing 16 per 
cent kerosene plus 2.5 per cent dichlor- 
ethyl ether killed 100 per cent larvae and 
only 38 per cent pupae. Also, the same ma- 
terial diluted to contain 8 per cent kero- 
sene and 1.25 per cent dichlorethyl ether 
killed 97 per cent larvae and only 46 per 
cent pupae. Evidently, the kerosene sprays 
are most effective when the codling moth 
is in its larval stage. It further appears 
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that, in high concentrations, kerosene by 
itself proved about as toxic to the larvae 
as was the kerosene mixture containing 
dichlorethyl ether. 

Tree Insury.—No noticeable injury to 
the trees appeared from any one of the 
kerosene sprays applied during April and 
early May. In order to obtain more infor- 
mation on tree tolerance during the grow- 
ing season, the various kerosene spray 
mixtures were repeated July 18 on a num- 
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the leaves on four trees, sprayed twice, 
turned yellow. In general, the injury was 
more pronounced on trees which had re- 
ceived two sprays. 

The writer feels that results from one 
season are not adequate to warrant defi- 
nite conclusions on apple tree tolerance to 
chemicals and it is planned to continue the 
experiments with kerosene sprays and per- 
haps similar cheap solvents over a period 
of several years, on the same block of trees 


Table 5.—Orchard tests with kerosene spray mixtures on larvae and pupae. 


LARVAE PupaE 


Per Cent 


Divetion Per Cent Dicuvor- 
ETHYL 


IN Kero- 

Spray Composition SENE 
Kerosene None 100 
Kerosene+ dichlor- 

ethyl ether None 99 
Kerosene = 70"; 
Water = 29% 
Emulsifier = 1°; 13 17 
Kerosene = 65% 
Dichlorethyl ether=10°% 
Emulsifier = 25% 13 16 
Kerosene = 65% 
Dichlorethy] ether = 10 
Emulsifier = 25% 17 8 


0 


Number Per Number Per 
TREES Col- Cent Col- Cent 


Erner Sprayep lected Dead lected Dead 
7 37 95 135 73 
6 48 94 65 87 
2 6 83 47 21 
5 3 10 100 40 38 
.25 3 31 97 45 46 


ber of trunks previously sprayed and on 
about an equal number of unsprayed 
trunks, including the following varieties: 
Delicious, Grimes, Jonathan, Rome, 
Smokehouse and Stayman. This proce- 
dure gave three sets of sprayed trees: 22 
trunks were treated in early spring; 26 
trunks were sprayed in midsummer; and 
28 trunks received two applications. Ob- 
servations up to November 1 have dis- 
closed the following: No injury could be 
noticed from diluted sprays containing 8, 
16, or 17 per cent kerosene, with or with- 
out dichlorethyl ether; whether applied in 
early spring, in midsummer, or at both 
times. No injury occurred from undiluted 
kerosene, with or without dichlorethy! 
ether, applied prior to May 6. Injury 


from undiluted kerosene resulted on all 
varieties sprayed May 15 or later. The 
injury began to manifest itself during late 
August and September, first as soft bark, 
followed by brown areas; and at least on 
one variety (Grimes) a good proportion of 


limiting the spray application to the dor- 
mant period only. 

SUMMARY AND ConcLusions.—Labora- 
tory and orchard experiments were con- 
ducted with various organic chemicals on 
codling moth larvae and pupae. In the 
laboratory, larvae hibernating in corru- 
gated papers as well as in bark removed 
from Rome trees were employed for the 
tests. In the orchard, trunks and main 
limbs of several varieties of apple trees, in- 
fested with codling moth larvae were 
sprayed in early spring. 

The results indicate that dichlorethyl 
ether possesses high toxicity to codling 
moth larvae in concentrations of 0.75 per 
cent or higher under laboratory conditions 
but failed to produce significant kill in the 
orchard, primarily due to lack of penetra- 
tion. Kerosene, the cheapest solvent test- 
ed, in concentration of 17 per cent or high- 
er, killed from 93 to 100 of the larvae, 
both on the tree and in the laboratory ex- 
periments, 
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occurred to the bark from concentrated 
kerosene sprays applied during the grow- 
ing season.— 11-15-40. 


No injury resulted to the apple tree 
from kerosene spray mixtures when ap- 
plied in the early spring. Distinet injury 
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Codling Moth Control Studies in 19 10* 


S. W. Harwan and D. E. Greenwoon, New York State 


Nicotine, together with either benton- 
ite or oil or a combination of the two, has 
proved popular as a substitute for the 
standard arsenical sprays in the codling 
moth control program during the past few 
years in New York. Nicotine sprays, used 
primarily for codling moth control, have 
been consistently more effective when 
combined with oil. In many instances con- 
trol with these sprays has been equal to, or 
even better than, where lead arsenate was 
used. There are a number of other impor- 
tant apple pests including the apple aphid, 
Aphis pomi Deg. and the eye-spotted bud- 
moth, Spilonota ocellana D. & S. that re- 
spond to sprays containing nicotine. There 
are strong indications also that the early 
stages of some of our important seale in- 
sects are susceptible to codling moth 
sprays containing nicotine and summer oil. 

Nicotine-oil sprays appear to kill im- 
mediately or within a comparatively short 
time following their application. Such 
sprays are toxic to the eggs of the codling 
moth and to the newly hatched larvae be- 
fore and apparently for several hours after 
entering the fruit. The moths may also be 
killed if conditions are favorable. The 
treatments appear to check codling moth 
activity as soon as they are applied and it 
is usually a week to ten days later before 
the infestation again becomes destructive. 
The immediate kill made by these sprays 


* Approved November 1, 1940, by the Director of the New 
York State Agricultural Experiment Station for publication as 
Journal Paper No. 407. 


fyricultural Exp riment Station, Geneva 


is undoubtedly of much greater impor- 
tance than any residual protection they 
may provide. While these sprays have 
many advantages they also possess cer- 
tain objectionable features that must be 
taken into account. Of them, the more im- 
portant are their relatively high cost, the 
incompatibility of oils with sulfur sprays, 
and the possibility of injury following the 
use of too much oil. Field experiments car- 
ried out during the past season were 
planned with the idea of correcting some 
of these faults. 

Laboratory tests with codling moth 
eggs in the early spring of 1940 definitely 
showed that certain highly refined oils, 
suitable for use as foliage sprays, retained 
much of their ovicidal value even when 
diluted to as low as 0.25 per cent oil. Dur- 
ing the summer replicated field tests veri- 
fied the laboratory work and, surprising 
as it may seem, very promising control of 
codling moth resulted from the applica- 
tion of 3 pints and even as little as 2 pints 
of oil when combined with 0.5 pint of nie- 
otine sulfate in 100 gallons of water. 

The oil used most extensively in these 
tests was a Socony Vacuum Oil Company 
product No. 875 RF. This oil has a vis- 
cosity of 60 seconds. It is deseribed as a 
solvent-treated oil with a sulfonation test 
of 95, and costs less than 20 cents per gal- 
lon. This oil is subject to the patents gov- 
erning the use of highly refined oils and for 
this reason, when employed as an orchard 
spray, costs at least twice that amount. 
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Much of the oil used in our tests was 
emulsified with one of the glyceryl esters, 
namely, “Glyceryl Oleate Edible A,” pre- 
pared by the Gilyco Products Company. 
An amount of the emulsifier equal to one 
per cent of the oil was thoroughly mixed 
directly in the oil. For convenience, a 5- 
gallon lot of oil was prepared at one time 
in a 5-gallon can. To make 100 gallons 
of a 0.25 per cent emulsion, 2 pints of the 
treated oil was measured into a 16-quart 
pail and water under pressure from a 
spray-gun was used to emulsify the oil in 
the pail. When the pail was filled with the 
milky liquid the content was poured into 
the spray tank. Nicotine and the required 
amount of water were then added and the 
spray was ready for application. Agitation 
was continuous during the process. This 
method of emulsification was rapid and 
entirely satisfactory. No noticeable dif- 
ference was detected in the results of tests 
using oils emulsified by either the above 
method or with dried blood. 

The oil-nicotine sprays were tested in 
orchards well populated with the codling 
moth and the comparative control result- 
ing from five applications at weekly to 10- 
day intervals are given in tables 1, 2, and 
3. A close examination of the fruit and foli- 
age made at intervals during the summer 
and again at time of harvest showed that 
certain objectionable features peculiar to 
oil sprays can be largely avoided by the 
use of the weaker dilutions. The fruit col- 
ored well and was noticeably brighter in 
appearance on the plats treated with the 
more dilute sprays. In other words, not 
only did the weaker sprays give satisfac- 
tory control of codling moth, but the dull 
finish often found on oil sprayed fruit was 
less evident. 

Among the various oils tested, one that 
showed considerable promise Was a prod- 
uct of the Socony Vacuum Oil Company, 
No. 865 D. This oil was applied at regular 
intervals during the summer for a total of 
five sprays on MeIntosh and Rhode Island 
Greening trees one-half per cent 
strength and with no harmful results. It 
has a viscosity of 60 seconds, sulfonation 
test of 81, and sells for approximately 10 
cents per gallon. Of course further tests 
should be carried out, but it is interesting 
to note that our results with this oil ap- 
pear to bear out Ginsburg’s work on semi- 
refined oils, reported at the meeting a vear 
ago (Ginsburg 1940). 
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In a paper presented before the Eastern 
Branch last year (Harmon 1940) certain 
preliminary tests that suggest a safe pro- 
cedure for applying summer oil on trees 
that had previously been sprayed with 
sulfur were mentioned. That work was re- 
peated during the past summer. 


Table 1.—Codling moth control, 1940, Mc- 
Intosh orchard, Geneva.* 


Stincs Worms 
per 100 100 


TreaTMENTT AppLes 


Orthol K 5 pts., nicotine sulfate 0.5 pt. 5.3 0.8 
(hl #875 4 pts., nicotine sulfate 0.5 pt. 2.3 0.5 
On] #375 3 pts., nicotine sulfate 0.5 pt. 2.4 0.3 
Oil #875 2 pts., nicotine sulfate 0.5 pt. 4.4 1.0 
Black Leaf 155 4 Ibs., Oil #875 4 pts. 4.3 1.8 
Black Leaf 155 Concentrate 1.5 Ibs., Oil #875 

+ pts. 5.3 1.2 
Black Leaf 155 Concentrate 3 Ibs. 21.4 11.4 
Lead arsenate 3 Ibs. 25.8 1.2 
Check—average of 5 unsprayed trees 22.4 66.8 


* Young trees, 3-4 bushels average yield. 
t Amounts mentioned were used to make 100 gallons. 


Table 2.—Codling moth control 1940, LaMont 
orchard, Albion.* 


Srivcs Worms 
peR 100 PER 100 


Treatmentt Apples 


Oil #875 4 pts. nicotine sulfate 0.5 pt. 7.8 BF 
Ol #875 2 pts., nicotine sulfate 0.5 pt. 5.5 4.3 
Ortheal K 5 pts, Black Leaf 155 4 Vbs. 3.2 2.6 
(hl #875 4 pts., Black Leaf 155 Concentrate 

1.5 Ibs 3.4 1.4 
Black Leaf 155 Concentrate 3 Ibs. 7.9 13.1 
Lead arsenate 3 lbs 10.4 0.3 
Check—no summer sprays 16.9 161.3 


* McIntosh trees, 15 bushels average vield. 
+ Amounts mentioned were used to make 100 gallons. 


Table 3.—Codling moth control 1940, Carl 
Ward orchard, Wilson.* 


STincs Worms 
rer 100 100 


PReatMentt AppLes 


Orthol K 5 pts., Black Leaf 50 0.5 pt. 5.3 2.6 
(hl #875 4 pts., nicotine sulfate 0.5 pt. 3.1 1.1 
(hil #875 2 pts., nicotine sulfate 0.5 pt. 3.8 1.3 
Black Leaf 155 Concentrate 3 |bs. 7.4 10.2 
Lead arsenate 6.9 2.4 


* MeIntosh trees, 25-30 bushels average vield. 
t Amounts mentioned were used to make 100 gallons. 


Numerous tests showed that apple va- 
rieties differ considerably in their suscep- 
tibility to sulfur-oil injury. Rhode Island 
Greening and Cortland developed foliage 
injury much sooner than did MelIntosh. 
Small amounts of elemental sulfur (3 
pounds of flotation sulfur paste, 40 per 
cent sulfur) were perfectly safe on Green- 
ing when followed after two weeks with 
summer oil. In instances where liquid lime 
sulfur had preceded the elemental sulfur 
sprays by a week to 10 days, a small 
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amount of unimportant leaf injury devel- 
oped on McIntosh. Greening and Cort- 
land developed injury much sooner and in 
greater amount as compared with McIn- 
tosh. In some cases of minor injury it was 
several weeks before it became noticeable. 
It appeared both as marginal burn and as 
spotting on the foliage. 

Generally speaking, the danger from oil 
sprays applied following sulfur treatments 
appeared to be directly proportional to the 
amount of sulfur residue on the foliage. In 
one instance McIntosh trees that had re- 
ceived 1 to 50 liquid lime sulfur on June 1 
and again June 18 were sprayed with oil 
on June 26 and developed no important 
injury. Greening trees in the same block 
showed considerable defoliation, as much 
as 50 per cent on some trees. This test was 
a good example of varietal susceptibility 
and also the danger from promiscuous 
spraying. In another instance a spray con- 
taining 5 pounds of a flotation sulfur paste 
(40 per cent sulfur) was, by mistake, fol- 
lowed in eight days with oil. Severe foli- 
age burn developed on MeIntosh within a 
few days, while adjoining rows that had 
received oil two weeks after an application 
of three pounds of the paste sulfur were 
uninjured. 

When the treatments were reversed, 7.¢. 
applying three pounds of flotation sulfur 
paste two weeks after summer oil, no im- 
portant injury developed on Northern 
Spy, a tender variety probably in the class 
with Rhode Island Greening. 

When care was exercised not to apply 
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oils on heavy sulfur residues, or vice versa, 
there was generally little or no injury to 
foliage. Three pounds of flotation sulfur 
paste (40 per cent sulfur) applied approxi- 
mately two weeks prior to or following an 
application of 0.5 per cent summer oil 
proved safe in field tests during the past 
two seasons. 

Figures expressing the protection pro- 
vided with oil-nicotine sprays and with 
Black Leaf 155 Concentrate are given in 
each of the three tables. In every test the 
presence of oil at ovicidal strength added 
noticeably to the efficiency of the spray. 
On the other hand, the oil tended to de- 
tract to a certain extent from the color 
and finish on the fruit. 

Qil-nicotine sprays have given very 
good control of codling moth on pears. 
Usually only one or two August applica- 
tions are required in western New York. 
The treatments have proved noninjurious 
to the trees and the control has been sim- 
ilar to that on apple. 

Summary. The results of this study 
indicate that a substantial reduction 
should be possible in the amount of oil or- 
dinarily used in our summer codling moth 
sprays with but little sacrifice in efficiency. 
Such a reduction in oil content would be 
important not only from the standpoint of 
economy but also because the more dilute 
sprays should be appreciably less toxic to 
the trees, more compatible with fungi- 
cides, and less likely to detract from the 
appearance of the fruit at harvest time. 

11-15-40. 


LiIveERATURE Citep 


Ginsburg, Joseph M. 1940. Certain semi-refined oils for summer spraying on apple trees. Jour. Econ. 


Ent. 33(2) : 332-6. 


Harman, S. W. 1940. Experiences in New York with non-residue sprays for the codling moth. Jour. 


Econ. Ent. 33/2): 340-2. 


Errective February 12, 1941, the U. 5. Japanese 
beetle quarantine regulations were revised extending 
the regulated territory to include new areas in Mary- 
land, New York, Pennsylvania, Virginia, and West 
Virginia. These additions to the regulated area were 
made because scouting in 1940 showed that beetles 
were present in these newly included areas in large 
numbers. This revision also provides for the exten- 


sion of the portion of this area subject to special 
regulations on the movement of fruits and vegetables 
that might carry beetles from the more heavily in- 
fested territory to uninfested territory, while at the 
same time certain localities have been dropped from 
this area. In addition, a few minor changes have 
been made in the Japanese beetle quarantine regula- 
tions by this revision. 


Plant Food and Mealybug Injury 


W. J. Scnoenr,* Virginia Agricultural Experiment Station, Blacksburg 


This paper gives the results of observa- 
tions on the mealy-bug, Pseudococcus com- 
stocki Kuw., on apple trees as influenced 
by applications of nitrogenous fertilizers. 

Events Precepingc THis Srupy.— 
During the years 1922 to 1924 this mealy- 
bug caused serious injury to umbrella ca- 
talpa trees in Winchester, Virginia. Hough 
(1925) studied the life history of the in- 
sect on catalpa trees and on small potted 
apple trees during the summers of 1923 
and 1924. During this study and in the 10 
years that followed, Hough occasionally 
observed adult females feeding and de- 
positing eggs on apple fruit in a number of 
orchards near Winchester, but the insect 
did not occur sufficient numbers to 
cause injury. 

In 1934 a mealybug, identified as Pseu- 
doeoccus comstocki Kuw.,' developed in 
enormous numbers in a part of one or- 
chard in Albemarle County, causing very 
serious damage to the fruit (Woodside 
1936). Its behavior was that of an intro- 
duced pest. The insect spread rapidly to 
other parts of the orchard and to many 
nearby orchards, but in 1935 and 1936 it 
‘aused much less damage generally than 
in the first vear. During the summer of 
1936 the insect became very numerous in 
one orchard in Roanoke County and also 
in part of one orchard in Clarke County. 
It soon spread to other orchards. 

IN RELATION TO FERTILIZER. 
The Roanoke County orchard referred to 
is a high-producing orchard and has had 
maximum crops for many years. From the 
time the trees were planted this orchard 
has been given the best of care. It has re- 
ceived applications of barnyard manure at 
intervals, and cover crops have been 


* Dr. WS. Hough and Mr. M. L. Bobb assisted in this study 
by securing the information from fruit growers regarding the 
fertilizer treatments and the extent of the mealybug injury. 
Dr. C. R. Cutright supplied information regarding the injury 
and fertilizer program of the orchard in southeastern Ohio. 
Thanks are also due Professor A. M. Messer, Clemson College, 
South Carolina, for the information regarding the infested 
orchard in South Carolina 

' In 1984 specimens of mealybugs from apples in Albemarle 
County were identified by Dr. H. Morrison of the Bureau of 
Entomology as Pseudococcus comstocki Kuw. (letter J.A.1 
November 5, 1934). In 1938 prepared slides were submitted to 
Dr. G. F. Ferris, Stanford University, California, who stated 
that they were Pseudococcus and probably comstocki (letter 
October 10, 1938). In the autumn of 1939 material was selected 
from catalpa leaves and also from apple fruit and again sub- 
mitted to the Bureau of Entomology and Plant Quarantine for 
identification. The specimens from both hosts were identified as 
Pseudococeus comstocki Kuw. by Dr. H. Morrison (letter 
C.F.W.M., October 14, 1939). 
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grown between the trees. For perhaps 20 
years prior to the outbreak of the mealy- 
bug, this orchard has also received annual 
applications of nitrate of soda. Not only 
have large crops of fruit been produced 
but the trees have also made satisfactory 
twig growth, and during the past few years 
the leaves have been dark green in color 
indicating an abundance of nitrogen. The 
darker green color of the foliage in this or- 
chard in comparison with that of the foli- 
age in the other orchards in the vicinity 
was very striking. It was suspected, there- 
fore, that the high degree of fertility of the 
soil in this orchard might in some way be 
connected with or responsible for the 
mealybug injury on the trees. This suspi- 
cion increased when it was learned that 
the insect had been present for several 
years in another orchard with less vigor- 
ous trees without causing injury. 

A search was made in November 1939, 
and it was learned that the mealybug had 
‘aused no damage to unfertilized apple 
trees (Cox 1940; Schoene 1940). An or- 
chard was found which had received no ni- 
trogen for two seasons but which had 
produced a good crop of fruit without 
mealybug injury, whereas two orchards 
immediately adjacent that had received 
applications of nitrogen had been very 
seriously injured by mealybugs. In the 
months that followed, numerous instances 
were observed where unfertilized apple 
trees with sufficient vitality to produce a 
good crop of fruit escaped mealybug in- 
jury. Similar differences in the amount of 
injury have been observed so many times 
in adjacent plantings that it has become 
apparent that infestation is in some way 
associated with nitrogenous fertilizer. 

Data RecarpinGc InsJurED OrcHArDs. 

During the summer of 1940 an attempt 
was made to collect information about the 
fertilizer program employed in each of the 
24 orchards in which serious mealybug in- 
jury had occurred. Up to August 1940, the 
mealybug had been reported as causing in- 
jury in 24 orchards in 4 states, as follows: 
one each in Ohio, West Virginia and South 
Carolina, and 21 in Virginia. This insect 
has also been reported as occurring in two 
orchards in Maryland and one in Pennsyl- 
vania but no information has been re- 
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ceived about the injury in those orchards. 
The mealybug is also known to be present 
in other Virginia orchards without causing 
appreciable injury. In many of the 24 or- 
chards there has been a heavy infestation 
in a part of the orchard ranging from a 
few trees to a number of acres, but only in 
a few instances has the insect caused seri- 
ous damage over the entire orchard. 

All of these infested orchards are high 
producing orchards. The trees are mature, 
ranging in age from 25 to 60 years, and, 
for the most part, they are very large. 
From the information we have it appears 
that the average age of the original plant- 
ings in 19 of these Virginia orchards is 41 
years. So far as could be learned, all had 
received applications of a nitrogenous fer- 
tilizer for a number of years and in some 
cases for as long as 20 years. They have 
been regularly sprayed and pruned. 

It was found that 10 of these orchards 
had received applications of some nitrog- 
enous fertilizer only, nitrate of soda, for 
the most part, having been applied usually 
at the rate of 8 to 5 pounds per tree. In one 
orchard where the trees were large, annual 
applications of 15 pounds of nitrate of 
soda were made per tree. There were five 
orchards in the study which had received 
some super phosphate in addition to the 
nitrate of soda. In nine of the orchards the 
fertilizer practice had been varied from 
year to year. Cyanamid and sulphate of 
ammonia as well as some complete ferti- 
‘lizer had been used in some orchards. 

A study of such data as we have been 
able to collect in this survey does not in- 
dicate that the mealybug infestation was 
affected by the addition of phosphate or 
by the use of evanamid or sulphate of 
ammonia instead of nitrate of soda. 

The data regarding two orchards in this 
survey are of special interest. In one of 
these an application of 15 pounds of 9-6-6 
fertilizer per tree had been made each year 
for the last five years without appreciable 
effect on the color of the fruit. Previous to 
this period the orchard had received ni- 
trate of soda for many years. In the other 
orchard, where mealybug injury occurred 
as early as 1935, the applications of nitrate 
of soda were discontinued after 1937 with 
a result that the mealybug injury was less 
in 1938 and practically none in 1939. Ob- 
servations in another orchard indicated 
that the mealybug population was in pro- 
portion to the amount of nitrogenous fer- 


tilizer applied. For instance: the foreman 
in one orchard observed that there were 
more mealybugs on trees that re- 
ceived 15 pounds of nitrate of soda than 
on trees in adjoining rows where only 5 
pounds had been applied. As yet the 
mealybug has not caused damage in any 
orchard where a complete fertilizer has al- 
ways been used. 

The apples from one of the injured or- 
chards did not have the full flavor charae- 
teristic of the variety and on analysis were 
found to contain about 25 per cent less su- 
gar than apples of the same variety from 
another orchard. 

Coton or Freire anp QuaL- 
ivy. For a number of years growers who 
have made annual applications of nitrate 
of soda have had difficulty in meeting the 
color requirements for apples. This is a 
general condition that exists in all the old- 
er orchards. The apples from two orchards 
that have suffered very severely from 
mealybug injury have also failed to keep 
well in storage. 

The failure of apples to color and the 
breakdown at a low temperature have 
heen subjected to numerous investiga- 
tions. Results of experiments by Roberts 
(1926) have shown that fruit from apple 
trees deficient in potash were lacking in 
color and failed to keep well in’ storage. 
The research England has been re- 
viewed by Cowie (1937) and made availa- 
ble by the Potash Institute. According to 
Cowie, potassium-deficient fruits are very 
susceptible to low temperature break- 
down. There is also, according to Cowie, a 
definite relation between the nitrogen-pot- 
ash ratio and the failure of the apple to 
color. Shaw (1937) reports experiments 
with potash and states, “In potash-defi- 
cient trees, increasing the nitrogen supply 
makes the condition worse instead of bet- 
ter.” Davis (1940), Dominion Horticul- 
turist, found that fruit from a potash-de- 
ficient tree is poorly colored and likely to 
have a lower sugar content. He also states, 
“Our eastern soils are probably better 
supplied with potash than nitrogen but in 
most cases none are capable of carrying an 
orchard indefinitely under high nitrogen 
feedings without a supply of this element.” 

Wallace (1981) found in experiments at 
Long Ashton, England, that apples from 
potash-deficient soils contained less pot- 
ash than when the trees were supplied 
with a complete nutrient. One of our Vir- 
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ginia growers has also supplied some in- 
formation on the effect of fertilizers on the 
keeping quality of apples. He observed 
that the apples from his orchard which 
had received regular applications of ni- 
trogen were not keeping as well in storage 
as apples from another orchard which had 
not been fertilized. Samples of these apples 
were sent to the State Chemist and analy- 
ses showed that the fruits which were 
keeping well in storage contained approxi- 
mately 5 per cent more potash than those 
which were not holding up. The poor keep- 
ing quality and lack of color are indica- 
tions of too much nitrogen in proportion 
to potash and phosphorus in the nutrition 
of the apple tree. 

Discussion. — Most of the orchard soils 
in Virginia are said to be high in potash 
and phosphorus. Nitrogen has always 
been a limiting factor and unfertilized or- 
chards have borne crops only every 2 or 5 
years. The commercial orchardist now 
adds nitrogenous fertilizer and the tree is 
able to utilize the phosphorus and potash 
available. This practice began when the 
trees were young. As a result of this treat- 
ment, the trees have not only shown a 
tendency to bear annual crops of fruit but 
have increased in size. As the trees in- 
creased in size, still larger crops were pro- 
duced and naturally the demand for pot- 
ash also increased. Large crops of apples 
were produced which met the color re- 
quirements. Within the past few years, 
however, the situation has gradually 
changed. The unbalanced fertilizer pro- 
gram has been continued too long, and as 
a result the trees are not getting balanced 
nutrition. 

In this connection the research of An- 
drews (1923) with the tea mosquito bug, 
Helopeltis theivora Waterhouse, is interest- 
ing. He found that the insect was present 
in tea gardens for many years without 
causing injury to the tea plant, that there 
Was no important injury to the new plant- 
ings and little or no injury where a con- 
servative policy of fertilization was fol- 
lowed. On the other hand, serious injury 
occurred in gardens where a progressive 
policy was followed in the use of fertilizers. 
This change in the conditions from no in- 
jury to serious injury was correlated with 
a decrease of available potash as com- 
pared to the phosphate. As the soil be- 
came depleted of potash the injury by the 
insect became more severe. 
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A close examination of the research of 
Andrews indicates that the history of the 
tea mosquito bug, as a pest of tea is very 
similar to that of the apple mealybug in 
Virginia apple orchards, and suggests also 
that the mealybug injury on apple is as- 
sociated with a potash deficiency. 

The fertilizer experiments reported by 
HofMann (1930) served as a basis for the 
practice of using nitrate of soda as a ferti- 
lizer for apple orchards in this state. The 
tests were made in a young orchard and 
the gains made by nitrogen over the check 
were substantial although the application 
of a complete fertilizer gave slightly great- 
er gains. There are no data from Virginia 
showing the results of use of fertilizers on 
old orchards. Rotation experiments ( Kipps 
& Hutcheson 1938) indicate that Virginia 
soils need potash for field crops after the 
first 20 years. In these tests “Potash be- 
came progressively more important dur- 
ing the three 8-year periods of the rota- 
tion.”” The two lines of investigation men- 
tioned above throw some light on the 
question of these mealybug infested or- 
chards. In referring back to the orchard 
survey it is noted that all of the 24 or- 
chards in which serious injury occurred 
were old orchards and that they had re- 
ceived applications of nitrate of soda for 
many years. In making the survey it was 
found that mealybugs occurred in younger 
plantings but these, so far, have escaped 
serious injury regardless of the fertilizer 
treatment. 

SUMMARY AND  ConcLuUstons.—The 
mealybug has never been observed to 
cause injury to unfertilized trees, and even 
in orchards receiving nitrogen severe dam- 
age is often limited to only a small portion 
of the total area. There is very little in- 
jury to the fruit of young bearing orchards 
and young trees escape injury. All the se- 
verely injured orchards are mature, the 
trees ranging in age from 25 to 60 years, 
and have received annual applications of 
nitrogenous fertilizer for a number of 
years. We have ample information regard- 
ing the fertilizer requirements of Virginia 
soils for the production of farm crops but 
there are no data regarding the needs of an 
old orchard in a high state of productivity. 
Since the fruit in the old mealybug-in- 
fested orchards failed to color properly 
and since the failure of the fruit to color 
has been definitely associated with nitro- 
gen in excess of potash, it is believed that 
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there is a slight potash deficiency in these 
orchards. This is in accord with the opin- 
ion of Davis (1940) who states that soils 
in eastern Canada do not contain sufficient 
potash to carry an orchard indefinitely un- 
der high nitrogen feeding. This is also in 
accord with the findings of Andrews re- 
garding injury by the tea mosquito bug. 
When the mealybug was first found in 
Frederick County orchards in 1922, the 
plant food materials in the soil were close- 
ly balanced; and while the insect was able 
to live, it did not cause injury. Twelve 
years later, however, when the orchard in 
Albemarle County became infested, the 
fertilizer elements in the soil of this or- 
chard were out of balance and, as a result, 
the insect not only caused serious damage 
but spread rapidly to nearby orchards. A 
high nitrogen ratio tends to prolong the 
growing season of the tree, delays the col- 
oring of the fruit, reduces the potash in 
the fruit, and, in extreme cases, affects the 
sugar content and the keeping quality of 
the fruit. The high nitrogen ratio also ap- 
parently promotes a type of growth that 
is very favorable to the mealybug. These 
statements are substantiated by the fact 
that in two orchards mealybug injury dis- 
appeared in 2 years after the nitrogen ap- 
plications had been omitted, and in one 
orchard there was a distinct reduction in 
the mealybug population the first season 
after the omission of the nitrogen. 
SIGNIFICANCE. —The fact that there is 
some relation between the mealybug in- 
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very important finding for the Virginia 
apple industry. There are many mature 
orchards as yet uninfested, and the fur- 
ther advance of this insect can no doubt be 
checked by changes in orchard practices. 
Apple growers have for some years been 
trying to improve the color of their fruit, 
and in an effort to do this, a few growers 
have used a complete fertilizer. The re- 
sults, though slow to appear, are begin- 
ning to be apparent and some of the or- 
chard owners are very much_ pleased. 
While the greater part of the evidence pre- 
sented is circumstantial, it all points in the 
same direction and has already had the ef- 
fect of causing the owners of several in- 
fested orchards to change their fertilizer 
practices. These findings have a much 
broader significance because the unbal- 
anced fertilizer practices in Virginia have 
been continued until the fruit in many or- 
chards is lacking in color and in a few in- 
stances the quality of the fruit has been 
lowered. The presence of the mealybug 
and the demand for high quality fruit will 
stimulate the study of conditions that pro- 
mote color and flavor in fruit. The results 
of such studies will have an important ef- 
fect on the Virginia apple industry. For 
the past two decades our largest growers 
have worked for maximum production but 
have overlooked the fact that when the 
quantity increases beyond a certain point 
the quality may be jeopardized. The evi- 
dence presented here should also stimulate 
the investigation of the effect of plant food 


festation and the fertilizer program is a on insect injury to plants. 11-15-40. 
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The Nutrition of Mosquito Larvae 
Artuur R. Buppineton, College Park, Maryland 


Experiments designed to determine the 
factors involved in the nutrition of mos- 
quito larvae have been in progress since 
1936. The first series of experiments dealt 
with the survival of Culex pipiens larvae 
in pond water as a basis for comparison 
with same medium autoclaved or filtered 
through a Berkefeld filter. Subse- 
quently, attempts to build up a synthetic 
medium finally resulted in the develop- 
ment of a formula of 0.1 per cent oyster 
meal protein, 0.1 per cent dried yeast, 0.1 
per cent glucose, 0.1 per cent Osborne- 
Mendel salt mixture. Mosquito larvae 
grow readily and rapidly in a contami- 
nated water-suspension of the above 
materials when the medium is maintained 
at 28 degrees C. and a pH of 6.8-7.0. 

Finally, the role of autoclaved and 
Berkefeld W-filtered pond water, the rela- 
tion of three micro-organisms in pure cul- 
ture, alcohol sterilized and autoclaved 
yeast, additions of sterile growth sub- 
stance to sterile media and various growth 
promoting substances plus amino acids in 
non-sterile true solutions were studied. 

Review or THe Lirerature.—From 
the voluminous literature on insect nutri- 
tion, growth and metabolism, the follow- 
ing notations seem most pertinent: Mathe- 
son & Hinman (1930) suggested that 
mosquito larvae feed chiefly on organic 
colloids and substances in true solutions. 
Hinman (1932) showed that anopheline 
larvae survive for eleven days on pond 
water that had been filtered through a 
Berkefeld filter and some of them reach 
the second instar. However, after dialysis 
and then sterilization by filtering through 
the Berkefeld the aseptic anopheline lar- 
vae die within three days and none reach 
the second instar. The work of Hinman 
was confirmed by Beklemishev (1930), 
and Shipitzina (1930, 1935) who found 
that particles smaller than 5yu will not sup- 
port growth beyond the fourth larval in- 
star. Rozeboom (1935) found that pond 
water that had been passed through a 
Berkefeld filter fails to support the growth 
of Aedes aegypti, Culex pipiens, C. ter- 
ritans, and C. salinarius under aseptic 
conditions. On the other hand, when this 
same filtered pond water is inoculated 
with a mixed culture of Escherichia coli, 


Bacillus subtilis and B. megatherium, 
Aedes aegypti attained complete develop- 
ment. Extracts of the bacteria failed to 
support growth. Trager (1935a, 1935b, 
1936, 1937) conducted a series of experi- 
ments on the growth of the larvae of 
Aedes aegypti in media free from micro- 
organisms. He demonstrated that the 
growth of this mosquito to maturity can 
occur on a sterile medium composed of 
vitamin free casein, salts and Eli Lilly 
liver extracts No. 343 and Harris yeast 
extract. It was concluded by Trager that 
two accessory growth factors, one in liver 
and another in yeast, are required by mos- 
quito larvae for normal development. He 
claimed that factor A present in liver is 
heat stable but readily destroyed by al- 
kali; whereas factor B present in yeast and 
yeast extract is both heat and alkali 
stable. Frost et al. (1936) proved that 
yeast (Fleischmann’s) is necessary for the 
development of the larvae of the mos- 
quito, Theobaldia incidens Thom. These 
workers intimated that the essential 
growth factor contributed by yeast is 
vitamin G or a member of the G complex. 

Procepure.—Laboratory cultures of 
Aedes aegypti and Culex pipiens were 
maintained by keeping the adults in a 
small cage which was placed in a large in- 
cubator at 28°+1° C. The females were 
fed on blood of pigeons, guinea pigs, and 
man. The males were fed on water soaked 
raisins. The eggs of Aedes were collected 
on floating filter paper. Culex eggs were 
teased out of the rafts. 

A counted number of eggs that had been 
recently deposited were placed in small 
glass “boats” made from coverslips. Steri- 
lization of eggs was obtained by submerg- 
ing them in a dilute soap solution for five 
minutes, rinsing in sterile water, and then 
immersing them in a 1-1,000 solution of 
hexylresorcinol (commercial S.T. 37) for a 
period of two minutes. Either sterile eggs 
or sterile day-old larvae were placed in the 
desired rearing media. Sterility was 
checked either by plating a portion of 
the rearing media on petri dishes on 
standard bacteriological nutrient agar or 
by making streaks on agar slants. Each 
series of tests was replicated at least ten 
times and 632 tests, involving 39,653 eggs 
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were conducted in the course of the work. 

Some of the natural pond water in the 
vicinity of the campus at College Park, in 
which numerous mosquito larvae were 
found, was filtered through cotton to re- 
move all debris. Part of the pond water 
was autoclaved in large test tubes at 15 
pounds pressure (120° C.) for 30 minutes. 
Other portions were filtered through a 
Berkefeld W filter to remove all microor- 
ganisms. Sterile eggs were introduced into 
the tubes. 

Bacteriological analysis of the above 
pond water revealed that the most common 
forms present were: —bacteria; Escherichia 
(Baccilus) coli, Aerobacter aerogenes, 
Bacillus subtilis, B. cereus, and other 
spore-forming bacilli; chromogens of the 
genus Flarobacterium; unknown white 
molds and Actinomycetes or common 
yeast. The growth of mosquito larvae was 
studied in pure culture of EF. coli, B. sub- 
tilis, and Saecharomycetes cervisae. 

Experiments were tried of the effects of 
autoclaved yeast and alcohol sterilized 
yeast as adjuvants to the basic diet. In 
one series, 0.1 per cent oyster meal, 0.1 per 
cent glucose, 0.1 per cent Osborne-Mendel 
salt mixture and 0.1 per cent dried yeast 
were prepared, transferred to the rearing 
tubes and autoclaved. Sterile eggs were 
introduced. In another series, a 0.1 per 
cent oyster meal, 0.1 per cent glucose, 0.1 
per cent Osborne-Mendel salt) mixture 
plus alcohol sterilized was prepared. Dried 
yeast was covered with 70 per cent ethyl 
aleohol and allowed to remain with oceca- 
sional shaking for about six weeks. The 
aleohol was removed by vacuum distilla- 
tion and sterile water added. A heavy 
suspension was added to the autoclaved 
oyster meal, glucose, salt mixture suspen- 
sion and transferred to rearing tubes and 
sterile day-old larvae were introduced. 

Diets were prepared to which known 
vitamin or growth substances had been 
added under sterile conditions without the 
use of heat. Autoclaved vitamin free oys- 
ter meal, glucose and Osborne-Mendel salt 
mixture was used as a basal diet. Dried 
yeast was added to this basal diet previous 
to autoclaving in some of the tests and 
omitted in others. Thiamin (B,), a vitamin 
found in yeast, was tested alone in the 
presence of autoclaved yeast. Riboflavin 
(B.), also found in yeast, was likewise 
tested. Combinations of the two and three 
substances were studied. Nicotinic acid 
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and ascorbic acid were among the sub- 
stances tested and also autoclaved liver 
extract. All of the pure crystalline chemi- 
‘als were added to the basal autoclaved 
media by means of the Berkefeld W filter, 
The results with various combinations of 
substances will be discussed later. 

In one experiment an attempt was made 
to rear non-sterile larvae on a diet of seven 
amino acids, se, Osborne-Mendel salt 
mixture and water soluble vitamins and 
extracts passed through a Berkefeld filter. 

GrowtH or Larvak In AUTOCLAVED 
AND Fitterep Ponp Water. —Autoclav- 
ing and Berkefeld filtration of pond water 
alter the chemical, physical or biological 
factor or factors necessary for the develop- 
ment of mosquito larvae. This is shown in 
tables 1 and 2. Only 12.9 per cent of the 
larvae of Aedes aegypti and 7.6 per cent of 
the larvae of Culex pipiens reached the 
fourth instar in autoclaved pond water. In 
the case of the Berkefeld filtration, 8.3 per 
cent of .fedes and 4.7 per cent of the Culex 
larvae reached the fourth instar. 

or In Pure 
TURES OF MicroorGanisms. rela- 
tion of pure cultures of FE. coli, B. subtilis 
and S. cererisae to the growth of mosquito 
larvae is shown respectively in tables 3, 4, 
and 5. Of the three microorganisms, only 
two, B. subtilis and S. cererisae could sup- 
port the growth of mosquito larvae in pure 
culture. The results of the tests with E. 
coli reveal that some of the fourth instar 
larvae were able to pupate, but none 
emerged. Many diets will support the 
growth of mosquito larvae to the fourth 
instar, but inadequate or incomplete diets 
often fail to provide the factors necessary 
for pupation or emergence. 

or on ALCOHOL AND 
Heat Sreriuizep Yrasr.--An examina- 
tion of the figures in table 6 reveals that 
alcohol sterilized yeast, besides being a 
suitable food for the larvae of mosquitoes 
provides all of the accessory food (growth) 
factors. Seventy-five per cent of the larvae 
of Aedes aegypti reached the fourth instar, 
71 per cent pupated and 69.5 per cent were 
able to emerge as alults. In the case of 
Culex pipiens, 74 per cent of the larvae 
reached the fourth instar, 71 per cent 
pupated and 65 per cent emerged. 

On the autoclaved diet, none of the 
larvae of either species was able to leave 
the fourth instar. Table 7 shows that of 
the day-old larvae of .ledes 17.9 per cent 
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Table 1.—Survival of mosquito larvae from 
sterilized eggs introduced into autoclaved pond 
water. 


Reacu- 
LARVAE ING 4TH 
Species Tests Ecos Hatcurp Instan 
A. aegypti a) 150 95 12 0 0 
C. peprens 10 128 7s 6 0 


Table 2.—Survival of mosquito larvae from 
sterilized eggs introduced into pond water filtered 
through Berkefeld W filter. 


Reacu- 
ING 47TH 
Species Tests Ecos Hatenen Instan Pupae 


A. aegypt 10 7 0 0 
C. pipiens 7 75 42 2 0 0 


Table 3.—Survival of sterile mosquito larvae 
on autoclaved 0.05 per cent oyster meal, 0.05 per 
cent dried yeast, 0.05 per cent glucose, 0.1 per 
cent Osborne-Mendel salt mixture. Inoculated 
with Escherichia coli; pH 6.8-7.0—Na0OH- 
KH.PO,. 


Day- R eACHING 
OLD tru 
Seectes Tests Lanvar INSTAR ApvuLts 
A. aegypti 123 15 0 
C. pipiens 100 27 6 0 


Table 4.—Survival of sterile mosquito larvae 
on autoclaved 0.05 per cent oyster meal, 0.05 
per cent dried yeast, 0.05 per cent glucose, 0.1 
per cent Osborne-Mendel salt mixture. Inocu- 
lated with Bacillus subtilis; pH 6.8-7.0. 


Day Reacnina 
tru 
Tests Lanvar INSTAR Pora® 
1. aegypti 10 200 128 125 
pipiens loo 6s Sz 


Table 5.—Survival of sterile mosquito larvae 
on autoclaved 0.05 per cent oyster meal, 0.05 
per cent dried yeast, 0.05 per cent glucose, 0.1 
per cent Osborne-Mendel salt mixture. Inocu- 
— with Saccharomycetes cervisae; pH 6.8- 

0. 


Day ReACHING 
OLD tru 
Tests Lanvar INSTAR Purar® 
A. aegypti 200 162 150 
C. pipiens oo 7s 74 72 


Table 6.—Survival of sterile mosquito larvae 
on heavy suspension of alcohol-filtered yeast 
plus autoclaved 0.1 per cent glucose, and 0.1 per 
cent Osborne-Mendel salt mixture; pH 6.8-7.0. 


Reacnine 
tru 


Tests Larvar INSTAR ApuLts 
A. aegypti 10 200 150 142 139 
C. pipiens 10 100 74 71 65 
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reached the fourth instar before death oc- 
curred, whereas only 10.6 per cent of the 
larvae of Culex reached this stage. 

GrowTH OF LARVAE ON STERILE MEDIA 
Pius Viramins.—Since heating destroys 
the growth promoting qualities of yeast, a 
basal diet of autoclaved oyster meal, glu- 
cose and Osborne-Mendel salt solution, to 
which was added crystalline vitamins, was 
used. Yeast was added to this basal diet 
previous to autoclaving in some of the 
tests and was omitted in others. Thiamin 
B,), a vitamin found in yeast, was tested 
alone and in the presence of autoclaved 
yeast. Riboflavin (B.) was likewise tested. 
A combination of autoclaved yeast, thia- 
min and riboflavin was next tried to deter- 
mine the effects of the three substances on 
larval growth and development. Tabie 8 
gives the results of the growth under asep- 
tic conditions on the basal diet plus thia- 
min hydrochloride and autoclaved yeast; 
table 9, riboflavin plus autoclaved yeast; 
table 10, riboflavin, thiamin hydrochlo- 
ride and autoclaved yeast; table 11, 
thiamin hydrochloride and riboflavin (no 
yeast). 

Analysis of the last four tables reveals 
that three substances are required for the 
growth and development of the larvae of 
Aedes aegypti and Culex pipiens. The vita- 
mins thiamin hydrochloride (B,), ribo- 
flavin (B.) are required in addition to at 
least one heat-stable substance present in 
autoclaved yeast. If any one of the three, 
factor By or autoclaved yeast is 
omitted, growth does not proceed be- 
yond the fourth instar. 

In the presence of vitamin B, and auto- 
claved veast, 8.3 per cent of the larvae of 
Aedes and 16.8 per cent of the larvae of 
Culex reached the fourth instar. 

In the presence of vitamin Be and auto- 
claved yeast, similar results were ob- 
tained. Of the 1. aegypti larvae, only 12.3 
per cent reached the fourth instar, and in 
the case of (. pipiens, 19.87 per cent 
reached this same stage. When a combina- 
tion of thiamin hydrochloride, riboflavin 
and autoclaved yeast is present in the 
medium, both species of mosquitoes reach 
maturity. The fourth instar was attained 
by 91.6 per cent of 1. aegypti, and of these 
88.2 per cent pupated and 84.8 per cent 
emerged. In the tests with C. pipiens, 88.8 
per cent reached the fourth instar, 87.4 
pupated and 87.4 emerged. 

From these data it would appear that 
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Table 7.—Survival of mosquito larvae from 
sterilized eggs inoculated into autoclaved 0.1 per 
cent oyster meal, 0.1 per cent dried yeast, 0.1 per 
cent glucose, and 0.1 per cent Osborne-Mendel 
salt mixture; pH. 6.8-7.0. 


Reacuine 
4TH 
Species Tests Eoos Larvae Instan Apvuts 
A.aegypti 10 150 117 21 0 0 
C. pipiens 200 132 4 0 0 


Table 8.—Survival of mosquito larvae from 
sterilized eggs introduced into autoclaved 0.1 per 
cent oyster meal, 0.1 per cent dried yeast, 0.1 per 
cent glucose, 0.1 per cent Osborne-Mendel salt 
mixture plus thiamin hydrochloride (1 mb./500 
cc.); pH 6.8-7.0. Thiamin HCl added through 
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Berkefeld W filter. 


Reacuine 
4TH 
Srpectes Tests Ecos Larvae Instan 


A.aegypti 15 225 162 20 0 0 
C. pipiens 150 oz 19 0 0 


Table 9.—Survival of mosquito larvae from 
sterilized eggs introduced into autoclaved 0.1 per 
cent oyster meal, 0.1 per cent dried yeast, 0.1 per 
cent glucose, and 0.1 per cent Osborne-Mendel 
salt mixture plus riboflavin (1 mg./500 cc.); pH 
Riboflavin added through Berkefeld W 

ter. 


Reacuina 
47H 
Spectres Tests Ecos Larvae Instar 


A.aegypti 15 225 155 13 0 0 
C. pipiens 150 15 0 0 


Table 10.—Survival of mosquito larvae from 
sterilized eggs introduced into autoclaved 0.1 per 
cent oyster meal, 0.1 per cent dried yeast, 0.1 per 
cent glucose, 0.1 per cent Osborne-Mendel salt 
mixture, plus thiamin HC! and riboflavin (both 
vitamins 1 mg./500 cc. and added through Berke- 
feld W filter) ; pH 6.8-7.0. 


Reacnine 
tru 
Srecres Tests Ecos Larvae Instank 


A.aegypti 10 150 119 110 105 101 
C. pipiens 15 225 143 127 125 125 


Table 11.—Survival of mosquito larvae from 
sterilized eggs introduced into autoclaved 0.1 per 
cent oyster meal, 0.1 per cent glucose and 0.1 per 
cent Osborne-Mendel salt mixture, plus thiamin 
HCI and riboflavin (both vitamins 1 mg. 500 cc. 
added through Berkefeld W filter) ; pH 6.87.0. 


Reacnina 
Species Tests Ecos Larvae Pupar 
A. aegypti 10 150 79 5 0 0 
C. pipiens 150 9s 17 0 0 


autoclaved yeast contains a heat-stable 
factor necessary to carry mosquito larvae 
beyond the fourth instar. 
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Vitamin C (ascorbic acid) and nicotinic 
acid are not satisfactory substitutes for 
autoclaved yeast. In the experiments 
shown in table 12, only 14.7 per cent of 
the Aedes and 23.4 per cent of the Culex 
larvae reached the fourth instar. 

Liver contains other vitamins, the exact 
nature of which is not known. Substitu- 
tion of 0.1 per cent autoclaved liver ex- 
tract for the autoclaved yeast with B, and 
B, present in addition, yielded the follow- 
ing results, as shown in table 13; 91.2 per 
cent of Aedes reached the fourth instar, 
81.2 per cent pupated and 79.2 per cent 
emerged as adults; 90.2 per cent of Culex 
reached the fourth instar, 85.8 per cent 
pupated and 81.6 per cent emerged. 

GrowTH OF LARVAE IN STERILE 
SoLutTion.- A Berkefeld filtered solution 
containing the amino acids, leucine, gly- 
cine, histidine, tryptophane, asparagine, 
cystine, and tyrosine, thiamin hydro- 
chloride, riboflavin, adermin, liver con- 
centrate, glucose and Osborne-Mendel 
salt mixture was tested as a diet with non- 
sterile day-old larvae. The results shown 
in table 14 indicate that the larvae cannot 
develop beyond the fourth instar. On this 
diet 71.0 per cent of the larvae of Aedes 
aegypti and 63.5 per cent of the larvae of 
Culex pipiens reached the fourth instar. 

Autoclaving and filtering of pond water 
through the Berkefeld W filter destroyed 
its properties as a rearing medium for the 
larvae of Aedes aegypti and Culex pipiens. 
Shipitzina (1930, 1935) has shown the value 
of colloids in mosquito nutrition as has 
Beklemishev (1930). Many colloids are 
destroyed or removed by the autoclaving 
and Berkefeld filtration technique. Ship- 
itzina observed that the small larvae (Ist 
through 3rd instars) utilized small col- 
loids, but that the fourth instar required 
the coarser particles in suspensions. Be- 
klemisney noted that larvae of .tnopheles 
maculipennis Meig. could develop only as 
far as the fourth instar on particles 5y 
or less in diameter. Hinman (1932) found 
that, upon dialysis of pond water, ano- 
pheline larvae could live for only three 
days, whereas in Seitze-Werke-filtered 
pond water larvae of this same group 
survived for 11 days. The dialyzed water 
consisted of substances in true solution, 
whereas the Seitze-Werke filtrate con- 
tained small colloids in addition to solutes. 

Autoclaving has other important effects 
on the pond water and other media. The 


— = | 


April 1941 


Table 12.—Survival of mosquito larvae from 
sterilized eggs introduced into autoclaved 0.1 per 
cent oyster meal, 0.1 per cent glucose, 0.1 per 
cent Osborne-Mendel salt mixture plus thiamin 
HCl, riboflavin, ascorbic acid, nicotinic acid 
(all vitamins 1 ./500 cc. added through Berke- 
feld W filter) ; pH 6.8-7.0. 


Reacning 
4TH 
Species Tests Ecos Larvae Instan Apvuits 


A. aegypti 10 150 102 15 0 0 
C. pipiens 10 150 85 20 0 0 


Table 13.—Survival of mosquito larvae from 
sterilized eggs introduced into autoclaved 0.1 per 
cent oyster meal, 0.1 per cent liver concentrate, 
and 0.1 per cent Osborne-Mendel salt mixture 
pus thiamin HCl and riboflavin (both vitamins 1 
mg./500 cc. and added through Berkefeld W 
filter); pH 6.8-7.0. 


REACHING 
tru 
Species Tests Larvae Instan 


A. aegypti 10 150 116 106 95 92 
C. pipiens 10 150 oe 83 79 73 


Table 14.—Survival of mosquito larvae (non- 
sterile) introduced into a sterile Berkefeld W 
filtered solute diet, consisting of 0.1 per cent 
glucose, 0.1 per cent Osborne-Mendel salt mix- 
ture, 0.1 per cent liver concentrate, thiamin HCl, 
riboflavin, adermin (each vitamin 1 mg. /500 cc.) 
and seven* amino acids; pH 6.8-7.0. 


Reacnine 


tru 
Species Tests Larvae INSTAR ApuLts 
A. aegypti 10 200 142 0 0 
C. pipiens 10 200 127 0 0 


* Concentrated solution of leucine, glycine, histidine, trypto- 
phane, aspargine, cystine, and tyrosine. 


primary effect is the destruction of the 
microorganisms present in these media. 
Should the growth factors be produced by 
living organisms, the elimination of the 
microscopic flora removes the principal 
source of the accessory food factors. Heat 
breaks down many chemicals and_ the 
destruction of the heat-labile growth fae- 
tors by autoclaving is inevitable. The in- 
activation of pond water by the Berkefeld 
filtering is difficult to explain. If growth 
substances are water soluble, they should 
readily pass through the filter and appear 
in the filtrate. The absence of larger col- 
loids, the apparent need for which has 
been discussed, may account for the re- 
tardation of growth. 

Mosquito larvae develop in the normal 
manner in solutions containing pure cul- 
tures of Bacillus subtilis and Saccharomy- 
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cetes cervisae apparently producing the 
necessary growth promoting substances 
in the necessary amounts. If Escherichia 
coli produce the factors, they apparently 
are not in sufficient quantities. E. coli 
may produce unfavorable or toxic sub- 
stances. Hobson (1932) was able by the 
addition of a culture of this bacterium to 
render sterile muscle suitable as a rearing 
medium for blowfly larvae. 

The experiments with heat (autoclaved) 
sterilized yeast and the alcohol sterilized 
yeast demonstrate that all accessory 
growth factors required by the larvae are 
present in yeast and that one or more is 
destroyed by high temperature. Hobson’s 
work as referred to earlier reveals that 
blowfly larvae require in addition to two 
aqueous extractable factors present in 
yeast a third substance “‘absent from 
aqueous or alcoholic extracts of yeasts.” 
In the case of mosquito larvae the results 
clearly indicate that at least three factors 
are required, each of which is found in 
yeast and only one of which is heat stable. 

The vitamins influence the normal 
growth and development of mosquito 
larvae. Thiamin, riboflavin and a heat 
stable substance present in yeast or a 
water concentrate of liver were required 
by the larvae. Hobson (1932) has shown 
that three factors are requisite to the 
growth of Lucilia larvae. One is a heat- 
labile factor which could be supplied by 
Peter's “antineuritic concentrate,” a heat- 
stable factor in autoclaved yeast, and a 
soluble factor in yeast, autolysate. Since 
Peter's “antineuritic concentrate” is a 
rich source of the heat-labile vitamin By, 
this factor very probably is thiamin or its 
derivative. The heat-stable yeast factor 
of blowfly nutrition may be the same heat- 
stable yeast factor of mosquito larvae 
nutrition. Riboflavin is possibly the sub- 
stance encountered in Hobson’s yeast 
autolysate. 

Gyorgy (1935) investigated the G com- 
plex requirements of rats. In addition to 
lactoflavin (riboflavin), a second antider- 
matitis factor is needed, the latter factor 
being heat stable even in the presence of 
strong alkali. The results of Gyorgy were 
confirmed by Chick et al. (1935). This fae- 
tor has been called vitamin Bs. The factor 
was not included in these studies. 

Williams and co-workers (1934, 1938) 
studied the B vitamins and their effect on 
the growth of yeast. They claim that a 
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filtrate factor or “pantothenic” acid, 
which is heat stable in the presence of acid 
is required for normal growth of yeast 
cells. Williams has called this substance 
the Y factor. Dann & Subbarow (1938) in 
a study of rat dermatitis factors and chick 
dermatitis factors conclude that “the 
vitamin B, complex contains the following 
four different sharply characterized enti- 
ties; riboflavin, nicotinic acid, vitamin Be, 
and the filtrate factor.” However, in the 
experiments on mosquito nutrition, nico- 
tinie acid would not replace the yeast. 
Trager (1985) determined two factors 
required by mosquito larvae, both of 
which are solutes, but was unable to rear 
the larvae beyond the fourth instar. It is 
worthy to note that Trager got mosquito 
larvae to grow under sterile conditions in 
the presence of autoclaved liver and yeast 
extracts, despite the factor that heat de- 
stroys vitamin B, readily and has a 
marked effect on riboflavin. Since all three 
growth factors required by mosquito lar- 
vae are present in yeast, it is only natural 
that Frost, et al. (1938) could rear the lar- 
vae of Theobaldia incidens Thom. to ma- 
turity on yeast alone. The work of Ludwig 
& Fox (1938) on Japanese beetle larvae, 
and of Chiu & MeCay (1939) with the con- 
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fused flour beetle tends further to show 
the value of yeast in providing substances 
essential for larval growth. 

Summary.—-Autoclaved and Berkefeld 
W-filtered pond water supports the growth 
of the larvae of .tedes aegypti and Culex 
pipiens only as far as the fourth instar. 

Escherichia coli fails to support. the 
growth of the larvae to maturity, but 
Bacillus subtilis and Saccharomycetes cer- 
risae support the growth of larvae to 
maturity. 

Mosquito larvae develop under sterile 
conditions to maturity on aleohol-steri- 
lized yeast, but cannot develop beyond 
the fourth instar on autoclaved yeast. 

The heat-stable factor of yeast is also 
present in autoclaved liver concentrate. 

Nicotinic acid and ascorbic acid do not 
replace the heat-stable factor in yeast. 

Mosquito larvae fail to develop beyond 
the fourth instar on a solute diet contain- 
ing amino acids, vitamins, glucose, and 
Osborne-Mendel salts. 

Mosquito larvae require for develop- 
ment to maturity under aseptic conditions 
at least three factors: thiamin hydro- 
chloride (B,), riboflavin (Be), and a heat- 
stable factor in yeast and liver extract. 

11-2+=41. 
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The Performance of Hybrid Field Corns Under European 
Corn Borer Conditions in New Jersey* 


Baitey B. Perper and Carvron 8S. Garrison, New Jersey 
Agricultural Experiment Station, New Brunswick 


During the past decade considerable in- 
terest has been aroused in the production 
of hybrid strains of field corn. Practically 
every Experiment Station in the corn pro- 
ducing states as well as the Bureau of 
Plant Industry, U. S. Department of 
Agriculture, has developed a number of 
hybrid corns. It has become an established 
fact that a well adapted hybrid will out- 
yield the open pollinated varieties of field 
corns. Certain of the hybrids have been 
shown to have inherent resistance to the 
European corn borer as demonstrated by 
Patch (1987), Patch et al. (1938, Marston 
(1936), and Meyers et al. (1987). Recently 
the Agronomy Department of the New 
Jersey Agricultural Experiment Station 
has released New Jersey Hybrids Nos. 2 
and 4. These two hybrids have consistent- 
ly vielded from 10 to 20° bushels more 
grain per acre than any other corn tested 
to date under New Jersey conditions. 
They were developed for their increased 
production without any idea of corn borer 
resistance, vet a relatively small number 
of borers survive in Hybrid No. 2. The 
New Jersey hybrids are derived from dou- 
ble crosses of four inbred lines. Three in- 
bred lines are common to both hybrids, 
yet they differ greatly in their reactions to 
the European corn borer. 

With the increased corn borer damage 
from year to year in the Northeastern 
States, where two broods of the borer oe- 
cur annually, it is believed that borer-re- 
sistant corns have a definite place in our 
corn programs. The purpose of this paper, 
therefore, is to present the information at 
hand in an endeavor to stimulate investi- 
gation of the possibilities of borer-resist- 
ant field corn. 

Firtp Experiments. When New Jer- 
sey hybrids Nos. 2 and 4 were first tested 
under field conditions in areas where the 


“ Paper of the Journal Series, New Jersey Agricultural Experi- 
ment Station, Department of Entomology. 


European corn borer was causing damage 
to field corn it was observed by members 
of the Agronomy Department that these 
two hybrids were not as severely damaged 
as were the open pollinated varieties com- 
monly grown. In 1938 borer population 
records were taken on several hybrids and 
open pollinated varieties in four field ex- 
periments in different counties. Since 
these experiments showed definite indica- 
tions that No. 2 supported a lower popula- 
tion than the other hybrids or varieties, 
plans were made to continue this study in 
the future and if possible to get hybrids 
R,;XHy and AXTr, described by Patch 
(19837) as being borer-resistant and borer- 
susceptible, respectively. Seeds of RsXHy 
and AXTr were selected, hoping that 
R,XHy would show borer resistance and 
AX Tr would show borer susceptibility un- 
der New Jersey conditions. Field experi- 
ments were, therefore, conducted during 
1938, 1939 and 1940. 

All experiments were conducted in co- 
operation with the Agronomy Depart- 
ment. From 40 to 60 different kinds of 
field corn were planted for yield records, 
and each was replicated three times, using 
2-row plots of 30 hills each. All plots were 
thinned to three stalks per hill. 

In determining the borer population at 
least 50 plants of each variety or hybrid 
were dissected. Samples from each repli- 
cate consisted of 20, 15 and 15 plants re- 
spectively, collected at random. 

The data from the field experiments are 
set forth in table 1. 

The most noticeable point to be seen 
from table 1 is that N. J. Hybrid No. 2 
consistently gave fewer borers per 100 
plants than any other corn tested, and 
Lancaster Surecrop and Reid's Yellow 
Dent gave the greatest number of borers. 
Regardless of the borer population level in 
an area, N. J. Hybrid No. 2 maintained 
the same ratio in relation to the other 
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corns. The averages given in table 1 are 
relatively low. This is due to the fact that 
some tests were in counties where the 
borer population was less than 40 per 100 
plants, while in other tests the population 
in the open pollinated varieties ran be- 
tween 700 and 800 borers per 100 plants. 
N. J. Hybrid No. 2 and RyXHy are more 


consistent in yielding a low number of bor- 


Table 1.—European corn borer populations in varieties and hybrids of field corns. 
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stood lodging much better than did Hy- 
brid No. 4. The majority of borers found 
in N. J. Hybrids Nos. 2 and 4 and RyXHy 
are to be found in the stalk above the ear. 

Eaa Mass Recorps.—In 1939 a study 
to determine the number of egg masses de- 
posited on each hybrid and variety under 
test was started, and this was continued in 
1940. The study included three experi- 


Hyprips 


N. J N. J. Funck’s 
No. 2 No.4 No.G2I8 RyXHy AXTr Surecrop low Dent Whitecap 
1938 
No. Tests + 4 3 t 4 2 
Stalks Examined 200 200 150 200 200 100 
Infested 96 116 6 154 140 83 
Borers per 100 65 92 58 171 165 106 
1939 
No. Tests 5 j 5 > 5 5 5 § 
Stalks Examined 250 250 250 250 250 250 250 250 
Infested 70 110 102 107 98 180 117 102 
Borers per 100 68 110 123 116 112 183 160 137 
1940 
No. Tests 3 3 3 3 $ 
Stalks Examined 150 150 150 150 150 
Infested sO 112 111 102 120 
Borers per 100 63 lhe 137 118 174 
Totals 
Stalks Examined 600 600 550 400 600 $50 350 
Infested 246 338 275 209 407 257 185 
Borers per 100 65 115 106 117 176 163 122 


VARIETIES 


Lancaster Reid's Yel- Mercer 


ers than any other hybrids tested. Hybrid 
AXTr is very poorly adapted to New Jer- 
sey conditions in that under certain condi- 
tions the plants are exceedingly small, yet 
under other conditions the plants are of 
medium size. When the plants of AXTr 
are of fair size the borer population has 
been comparable to that of the open pol- 
linated varieties. The most noticeable 
characteristic of N. J. Hybrid No. 4 is the 
large stalk diameter which apparently en- 
ables the plant to tolerate a moderate bor- 
er population without decrease in the 
yield of grain. 

It has been noted in commercial plant- 
ings of field corn, and growers state, that 
there is very little stalk breakage due to 
borers in N. J. Hybrids Nos. 2 and 4 as 
compared with the common varieties. In 
localities where the borer infestation was 
severe during 1940 Hybrid No. 2 with- 


mental fields for each year. The method 
was to examine 100 plants of each kind of 
corn in the experiments and to sample 
corn in at least three different localities. 
We, therefore, selected 50, 25 and 25 sam- 
ple plants in each kind of corn in each of 
three fields. The sample plants were care- 
fully examined on three different dates at 
3-day intervals during the peak of second 
brood egg laying. 

The development of each variety was 
approximately the same at the time of the 
first examination except that of AXTr, 
which was further advanced. All tassels 
were showing on the different corns and 
the height of the plants was determined on 
the date of the first examination. The 
data on egg deposition are set forth in ta- 
ble 2. 

The most significant point to be ob- 
served in table 2 is that N. J. Hybrid No. 
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2 received the smallest number of egg 
masses. Yet this hybrid has a larger leaf 
area than some of the other hybrids. N. J. 
Hybrid No. 2 grows to a medium height 
and it appears that some factor other than 
height and leaf area is responsible for the 
small number of eggs deposited. 

Hanp INrestep PLots.— In order to get 
a more accurate account of why certain of 
the hybrids yield a small borer population, 
hand infested plots were conducted in 
1940. Three series of experiments were 
started but two of them had to be dis- 
carded due to irregular stands and poor 
growth. Adult European corn borer moths 
were caged and egg masses were obtained 


Table 2.—Egg mass records on field plots of 
corn. Each plant examined three times, at 3-day 
intervals during peak of second brood egg dep- 
osition. 


Stacks Eoo Masses per Ave. Heioat 


EXAMINED 100 PLANTS 

VARIETIES OR Finst Ex- 

Yrar® 1939 1940 AMINATION 
NJ. No. 2 100 5s 61 74 
NJ. No. 4 100 74 82 78 
Funck's No. G218 100 80 87 73 
R.AHy 100 99 76 
AXTr 100 78 86 68 
Lancaster Surecrop 100 89 
Reid's Yellow Dent 100 oF 105 | 
Mercer Whitecap 100 SS 8S 79 


* Records were taken from 3 fields each year on 50, 25 and 25 
plants respectively. 


on waxed paper according to the method 
described by Patch & Peirce (1933). Three 
egg masses of approximately 20 eggs per 
mass were attached to each plant at the 
time when the tassels were beginning to 
show in all plots. Determinations were 
made of the hatching ability of each mass. 
If an egg mass failed to hatch it was re- 
placed by one which showed signs of 
hatching. At the normal harvest date each 
plant in the test was dissected. These data 
are set forth in table 3. AXTr was too 
weak apparently to support a large borer 
population. The number of plants used in 
this experiment was very small, but the re- 
sults obtained parallel those obtained 
from more comprehensive field experi- 
ments. Our observations have been, and 
the data in this discussion support them, 
that RsXHy and N. J. Hybrid No. 2 are 
both resistant to borer penetration, but 
Hybrid No. 2 receives a smaller number of 
eggs to start with which in turn results in 
a lower final borer population. 

PLant HarpNess Stupies.—Since we 


Table 3.—European corn borer population 
from hand infested plants. Three egg masses or 
approximately 60 egg per plant. 


No. Ave. No. 
OF Borers 
PLANTS PER PLANT 


N.J. Hybrid No. 2 12 3.10 
N.J. Hybrid No. 4 13 4.42 
Funck’s Hybrid No. G218 12 4.25 
R.XHy 14 3.16 
AXTr 12 4.00 
‘Lancaster Surecrop 14 6.66 
Reid’s Yellow Dent 12 6.10 


have definite indications of borer resist- 
ance the next step is to determine what 
causes the resistance. It was thought that 
the hardness of the stem wall might be in- 
volved. Means of measuring stem hard- 
ness were sought. We, therefore, selected 
the peach tester as described by Blake 
(1929) and found it to be fairly well adapt- 
ed for the purpose after some modifica- 
tions were made. The tester used in this 
study had a scale up to 500 grams. A 
plunger of 23 gauge (0.25 in. Birmingham 
or Stub’s) steel wire was used. Readings 
were taken in the region between the tas- 
sel and the upper node. With a machine of 
a larger scale it is believed that any por- 
tion of the plant can be measured. Read- 
ings were made in 5 different plantings 
and of 1,000 punctures were made on each 
variety or hybrid under test. The varia- 
tion in reading between individual plants 
in the same planting was less than 50 
grams. The data on hardness of the stem 
wall are presented in table 4. These data, 
when compared with the borer popula- 
tion, show a definite correlation. The 
tougher the stem wall the fewer the borers 
entering the stem. 

SumMary.—Eight hybrids and open 
pollinated varieties of field corns have 
been compared in relation to European 


Table 4.—Stalk hardness, measured in grams 
required to puncture stem wall. 


No. oF Gas. 

Reap- Pres- 

INGS SURE 

N.J. Hybrid No. 2 1000 474.4 
N.J. Hybrid No. 4 1000 415.4 
Funck’s Hybrid No. G218 1000 433.7 
R,XHy 1000 436.0 
AXTr 1000 354.7 
Lancaster Surecrop 1000 354.4 
Reid’s Yellow Dent 1000 390.5 
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corn borer populations at harvest. Field 
experiments and hand infested plots clear- 
ly demonstrate that N. J. Hybrid No. 2 
shows a definite resistance to European 
corn borer. Hybrid RyXHy also shows 
some resistance under New Jersey condi- 
tions while AXTr is not adapted to studies 
of this kind. N. J. Hybrid No. 4 does not 


show the same degree of borer resistance 
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as No. 2and R,XHy, but the large stalk of 
No. 4 can tolerate a certain number of 
borers without a marked reduction jin 
yield. For some reason moths appear to 
prefer other hybrids and varieties to N, J, 
Hybrid No. 2 for egg deposition. There is 
a definite correlation between stem hard- 
ness and the borer population in the dif- 
ferent corns studied.—-11-15-40. 
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A Large-Scale Test of Dusts to Control the 
European Corn Borer 


Turner, New Haren, Connecticut 


Control of the European corn borer, 
Pyrausta nubilalis Hiibn., infesting sweet 
corn by use of insecticides has been of in- 
terest since 1918 (Worthley 1927). The 
first experiments included lead arsenate 
and calcium arsenate, and later many in- 
secticides were used in the tests. Batch- 
elder, et al. (1937) reported results of tests 
of fixed nicotine compounds which had 
been investigated previously by Batch- 
elder & Questel. Derris and phenothiazine, 
both in sprays and dusts, were also in- 
cluded in the tests. The summary states 
that “preparationsof derris, phenothiazine, 
and nicotine tannate in spray form and a 
dual-fixed nicotine dust provide sufficient 
reduction in borer populations to warrant 
their use in field tests to ascertain their 
value under commercial conditions and 
practice.” Dusts prepared from ground 


derris and from phenothiazine were not so 
effective. Baker & Questel (1939) included 
fluorine compounds in both sprays and 
dusts in addition to preparations of derris 
and fixed nicotine. In their tests, dusts 
were not so effective as sprays, and dusts 
prepared from ground derris root were at 


least as effective as dual-fixed nicotine 
dust. 

All of these experiments were carried 
out on small field-plots designed to fur- 
nish technical information. In 1940 there 
Was an opportunity to carry out a large- 
scale field experiment on early sweet corn 
under commercial conditions. This would 
provide information on the cost of treat- 
ment and the returns from treated corn. 

The field available was a 2-acre planting 
of Market Hybrid yellow sweet corn, 
planted about April 15. [t was in an area 
so heavily infested by the European corn 
borer that in 1939 sweet corn produced on 
an adjacent field was not salable because of 
corn borer infestation. The corn was plant- 
ed in hills approximately 3 feet apart, with 
the rows 42 inches apart. The season was 
cool and unfavorable for early sweet corn 
as well as for the first generation of the 
corn borer. Tassels were formed on June 
28 and the ears were picked July 18, 19, 
22 and 24. Had the season been one with 
normal June temperatures, the ears 
should have been picked by July 10 in this 


field. 


April 1941 


Eggs of the European corn borer were 
found in this field on June 3. By June 8 
there were 40 egg-masses on 100 plants. 
The first hatched egg-masses were found 
on June 10, but hatching probably oc- 
curred June 9. The field was divided into 
three areas, two of exactly 0.8 acres each 
and a third, much smaller, area left as an 
untreated check. One area was dusted 
with commercial dual-fixed nicotine dust 
containing 4 per cent nicotine. This dust 
is supposedly a mixture of 25 per cent nic- 
otine tannate dried, reground, and mixed 
with 75 per cent powdered nicotine ben- 
tonite, and diluted with a suitable inert 
carrier (Batchelder 1937). Commercial 
rotenone dust containing 1 per cent rote- 
none in pure derris root and diluted with 
Bancroft clay was used in the other plot. 

All dusts were applied by means of a self- 
propelled power duster. This machine has 
four nozzles easily adjusted to any angle 
and was used to dust two rows of corn. Its 
‘apacity is about 20 pounds of dust. The 
flow of dust was easily regulated, but the 
volume of air could not be changed inde- 
pendently of the forward speed of the ma- 
chine. The applications were made as fol- 
lows: 

1. June 11, 4:00 to 5:30 p.m. following 
a rain and during cloudy weather. The 
plants, 8 to 20 inches actual height, were 
wet and the air calm with an occasional 
slight southerly breeze. One nozzle was 
used on each row and directed straight 
down into the whorl. 

2. June 16, 7:30 to 9:00 a.m. The plants 
were slightly wet and the air fairly calm. 
The corn was 12 to 24 inches high and in 
mid- and late-whorl stages. One nozzle 
was used on each row. 

3. June 21, 6:30 to8:30 a.m. The plants 
were wet and air fairly calm. The corn was 
IS to 30 inches high in the late-whorl 
stage. Two nozzles were used on each row, 
one directed straight down into the whorl 
and the other horizontally at the young 
ear shoots. 

4. June 28, 6:40 to 8:00 a.m. The plants 
were very wet and the air was calm. The 
corn averaged about 36 inches high and 
was in the green tassel stage. Two nozzles 
were used on each row, one on either side 
directed horizontally at the developing 
ears. 

It will be noted that this schedule was a 
standard one of four applications at inter- 
vals of 5 days. The delay in the last appli- 
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cation was caused by rain. 

The ears were harvested as they ma- 
tured, transported to a vegetable packing 
shed and sorted. Any ears too small for 
sale were culled out, and the ears of mar- 
ketable size sorted as infested and not in- 
fested. The presence of typical corn borer 
feeding marks on the husks, or of larvae in 
the silks, was accepted as evidence of in- 
festation. This meant that each ear was 
examined carefully and that the end of the 
husk was opened to determine the infesta- 
tion. At the outset the grower objected 
strenuously to the sorting process on the 
grounds that opening the end of the husk 
made the ears unsalable. This did not 
prove to be the case. All sorting was done 
by Experiment Station employees, none of 
whom had sorted corn before. The two 
grades were packed in burlap bags and 
sold on the New Haven Farmers’ Market 
by the grower. 

The untreated corn was picked only 
twice, and was graded and sorted in the 
manner described. The infested corn was 
sold on the first day, but this resulted in 
so much dissatisfaction on the part of deal- 
ers that no more infested, untreated corn 
was marketed. Similarly infested corn of 
other growers was not salable at any price. 

The first two days of picking, this corn 
was the only corn on the market and it 
sold freely at $4.00 and $3.50 a hundred 
ears for borer-free and infested respective- 
ly. On July 22 and 24 other corn was avail- 
able, and the prices dropped to $3.00 and 
%2.00 for these two grades. On these days 
the ears were relatively small, and, on 
July 24 so small, that under normal condi- 
tions they would have been sold as No. 2 
sized ears. However, at all times, the bor- 
er-free corn sold very quickly and even the 
infested corn was more acceptable than 
untreated corn sold by competing grow- 
ers. 

Yievtp or Corn.—The yield of corn for 
‘ach picking is shown in table 1. It is no- 
ticeable that the percentage of borer-free 
corn decreased in each successive picking, 
probably due to increased migration of 
larvae from stalks to ears. Moreover, the 
percentage of borer-free corn was substan- 
tially greater on the plot dusted with dual- 
fixed nicotine. 

Cost or TreatmMent.-The cost. of 
treatment is summarized in table 2. 
Prices for dust are retail prices in 100- 
pound lots in New Haven. Labor is includ- 
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Table 1.—Yield of corn. 


Ears Per Cent 
Borer- Ears Borer- 
Dare FREE INFESTED FREE 
Dual-fixed Nicotine Dust 
July 18 968 350 73.5 
19 2415 950 71.8 
22 10386 520 66.6 
24 1110 942 54.1 
5529 2762 66.67 
Rotenone Dust 
July 18 1333 957 58.2 
19 898 738 54.7 
22 1449 1750 45.3 
24 915 1288 41.5 
4590 4733 49.23 
No Treatment 
July 18 349 693 33.5 
19 184 659 21.8 
533 1352 28 .27 


ed only for the actual dusting operation 
and no allowance was made for transpor- 
tation of the duster. The use of the ma- 
chine, which sold at retail for $165, is 
charged on a basis of depreciation plus 
actual expense for grease, gasoline and oil. 
Depreciation is charged at 50 per cent of 
the original cost for the first year of opera- 
tion. This amount ($82.50) plus $7.50 for 
fuel and lubrication is chargeable against 
the total use of the machine for one sea- 
son. The average vegetable gardener pro- 
duces about 20 acres of crops on which 
such a duster could be used and for which 
the Experiment Station has suggested 
dusting. Hence, the $4.50 charge for use of 
the machine. 

The cost of sorting the crop has not 
been charged. Records indicated that 
working in crews of three to five men the 
labor cost would be from 10 to 15 cents a 
hundred ears with labor at 50 cents an 
hour. 


Table 2.—Cost of treatment (0.8 acre plots). 


DUAL-FIXED 
NICOTINE 
Dust 
155 Ibs. $28.00 
Shours 1.50 


RotTeENONE 
Dust 

160 Ibs. $16.00 

Shours 1.50 


Dust used 
Time required 
(4 applications) 
Use of machine 4.50 4.50 
$22.00 


$34.00 
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RETURNS FROM THE SALE OF Corn.— 
The record of sweet corn sales from the 
treated plots is presented in table 3. It 
will be noted that the total yield from the 
rotenone plot was greater than from the 
dual-fixed nicotine plot. The same is true 
of total returns, although the dual-fixed 
nicotine dust produced a much higher per- 
centage of borer-free corn. The difference 
in yield may be due to an error in harvest- 
ing the crop, because no known factor will 
account for a difference in yield of such 
magnitude. 


Table 3.—Sales of corn (0.8 acre plots). 


Rotenone Dust 


No. 1 Borer-free 2226 ears @ .04 $89.04 
2564 ears .08 70.92 
Infested 1695 ears @ .035 59.33 
3038 ears @ .02 60.76 
9323 $280.05 


Dual-fixed Nicotine Dust 


No. 1 Borer-free 3383 ears @ .04 $135.32 


2146 ears @ .08 64.38 
Infested 1300 ears @ .0385 45.50 
1462 ears .02 29.24 
8291 $274.44 


No Treatment (estimated) 


No. 1 Borer-free 2466 ears (4 .035 S86 .31 
Infested 6341 ears ? (not 
salable) 
Discussion AND SumMMaARyY.— Several 


factors were involved in the success of this 
experiment. The use of a high-yielding hy- 
brid variety resulted in an unusually good 
crop of early corn. The lack of competition 
from other growers made it easy to sell 
corn at a relatively high price. On the 
other hand, the market accepted borer- 
free corn readily, and discriminated 
against infested corn. The infested corn 
from the treated blocks was much less 
injured than infested corn from untreated 
fields. Although the cost of treatment was 
relatively high, substantial profits were 
made as a result of dusting. Dual-fixed 
nicotine dust was more effective in pro- 
ducing borer-free ears than was rotenone 
dust. In spite of lower cost per acre for 
rotenone dust and higher returns in this 
experiment, it is believed that dual-fixed 
nicotine dust is distinctly preferable. In 
further support of this conclusion, both 
parallel and previously-conducted small- 
plot tests designed to produce data amen- 
able to statistical analysis (to be published 
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elsewhere) have shown similar differences 
between dual-fixed nicotine and rotenone 


dusts. 


It is evident that insecticidal control of 


the European corn borer in early sweet 
corn in Connecticut is commercially prac- 
ticable and profitable under conditions ex- 
isting at the present time.—11-15-40. 
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Wireworm Studies in Several Potato Rotation Systems 
kK. B. Nasu and W. A. Rawtiins, Cornell University, Ithaca, N.Y. 


Potatoes in upstate New York are usu- 
ally planted in rotation with other crops: 
systems which vary according to the type 
of farming enterprise, the crops produced 
in a particular region and the state of soil 
fertility. In general, potatoes are grown in 
a rotation with such long standing sod 
crops as clover, timothy and alfalfa. This 
system is well suited to the small potato- 
grower and dairyman, to whom sod as a 
hay crop is important for forage. 

Growers using this type of potato rota- 
tion have experienced at times severe 
losses from wireworms. Wireworms bur- 
row into the tubers and impair the market 
quality and hence the value of the crop. 
Efforts to alleviate such losses through a 
practical wireworm control program have 
been made for the past ten years. 

Previous investigations (Rawlins 1933, 
1940) have established a definite relation- 
ship between the type of potato rotation 
and wireworm infestation. Infestations 
started almost exclusively in sod crops 
and potatoes immediately following these 
crops in the rotation were severely in- 
jured. In these studies the wheat wire- 
worm, -[grivotes mancus Say, was the most 
abundant species involved and caused 
most of the injury. However, the results 
obtained apply only to the wheat wire- 
worm since investigations during recent 
years indicate that infestations of other 
species differ markedly in respeet to rota- 
tion. 

At the close of this earlier work, investi- 
gations on the potato rotation were ex- 
panded to include studies of tuber yields, 
soil fertility and diseases. Initiated in 1936, 
this later project is cooperatively conduct- 


ed by the Departments of Vegetable 
Crops, Agronomy, Plant Pathology and 
Entomology, each interested in particular 
phases of the work. Three experimental 
fields were established in widely separated 
areas of the state; one in northern New 
York, another in Steuben County and a 
third in western New York; these are to 
continue for ten years. 

EXPERIMENTAL AreAsS.—Each of the 
experimental fields is divided into 100 
small plots comprising an area of approxi- 
mately four acres. The plots are 51 feet 
long by 17 feet wide and are separated by 
buffer strips and headlands. Nine rotation 
systems are compared in each experiment 
and are defined as follows: 


1. Potatoes every year, without rye cover crop, 
without manure (1-yr. rotation) 

2. Potatoes every year, without rye cover crop, 
with 12 tons manure per acre (1-yr. rotation) 

3. Potatoes every year, with rye cover crop, with 
12 tons manure per acre (1-yr. rotation) 

4. Potatoes every year, with rye cover crop, with- 
out manure (1-yr. rotation) 

5. First year—potatoes with rye cover crop; 
second year—field or soya beans (2-yr. rota- 
tion) 

6. First year—potatoes with rye cover crop; 
second year—corn for green manure followed 
by rye cover crop (2-yr. rotation) 

. First’ year—potatoes with rye cover crop; 
second year—clover and timothy for green 
manure (2-yr. rotation) 

8. First year—potatoes with rye cover crop; 
second year—field or soya beans; third year— 
wheat seeded to clover and timothy; fourth 
year—clover and timothy hay; fifth year—hay 
(5-yr. rotation) 

9. First year—potatoes with rye cover crop; 
second year—spring grain seeded to clover and 
timothy; third year—clover and timothy hay; 
fourth year—hay; fifth year—field or soya 
beans (5-yr. rotation) 
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Each rotation is replicated five times 
and all crops of the rotation are grown an- 
nually in separate plots. Hence for rota- 
tion 8, with a cycle of 5 years, 25 plots are 
used in a single year. Each crop is estab- 
lished on five plots which are planted the 
following year to the next crop in the cycle. 
Therefore at the end of 5 years all 25 plots 
will have been cropped through a com- 
plete rotation. 

The manual work of plowing, seed bed 
preparation, planting, cultivating and 

Table 1.—Species of wireworms and popula- 
tions found in two rotation experiments. 


Sreveen Co, FRANKLIN Co. 


Number Per Cent Number Per Cent 


ire- Popula- Wire- Popula- 
Species worms tions worms tions 
Agriotes mancus Say S62 99.5 98 29.6 
Melanotus sp 0.5 2 0.6 
Cryptohypnus abbre- 
riatus Say 0 0.0 208 62.58 
Adrastina (subtribe) 0 0.0 23 7.0 


other operations was done by the coop- 
erating grower with the aid of the depart- 
ment assistant in charge. All cover and 
green manure crops were plowed down 
early in the spring and the main plantings 
were made at the usual time for the par- 
ticular region. Changes in the farming op- 
erations were made when deemed neces- 
sary but otherwise practices were similar 
to those of other growers in the neighbor- 
hood. 

Resuuts.—- To obtain an estimate of the 
species and the relative numbers of wire- 
worms present, a survey was made of the 
wireworm populations in the Steuben 
County experiment during the fall of 1938, 
and a similar survey was made for the 
Franklin County experiment in Septem- 
ber, 1940. Representative potato plots 
with heavy infestations were chosen to be 
sampled. In each plot the soil from five 
hills selected at random was thoroughly 
sifted and the wireworms were collected 
from the material remaining in the 
screens. The populations are based on ex- 
aminations of 100 hills in the Steuben 
County plots and 60 hills in the Franklin 
County experiment. 

The survey data summarized in table 1 
show that the dominant species in Steu- 
ben County was the wheat wireworm, 
Agriotes mancus Say, but in Franklin 
County several species were found, two 
of which were numerous. The wheat 


wireworm was again present but was out- 
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numbered by abbreviated wireworms, 
Cryptohypnus abbreriatus Say. However, 
the heavier infestations of these two spe- 
cies were not found in the same rotations. 
The wheat wireworm was found exclusive- 
ly in the cropping systems which included 
sod, rotations 7, 8 and 9, whereas the short 
rotations were practically uninfested. Ab- 
breviated wireworms were collected from 
all of the plots sampled but the majority 
were found in the 1- and 2-year rotation 
plots. As will be shown later the wireworm 
injury on potatoes produced under the 
short cropping systems was slight, indi- 
‘ating that the abbreviated wireworm is 
not as injurious to the tubers as the wheat 
wireworm. Hawkins (1936) noted that the 
most pronounced damage caused by the 
former was to the potato seed pieces. 

A number of wireworms belonging to 
the subtribe Adrastina were collected from 
the long 5-year rotation plots. These wire- 
worms apparently prefer the same, or 
similar, conditions favored by the wheat 
wireworm, .lgriotes mancus Say, and it 
was, therefore, impossible to segregate the 
injury caused by this species. 

At the time of harvest 200 tubers were 
selected at random from each plot and ex- 
amined for insect and disease injuries. For 
2 to 3 years following the establishment of 
the plots wireworm injury was not serious 
but it increased rapidly during 1988 and 
1939 in the two experiments under dis- 
cussion. The wireworm injury on tubers 
from the western New York experiment 
has been insignificant for the first 5-year 
period. 

Steuben County Exreriment.—The 
results of tuber injury from the Steuben 
County rotation experiment have been 
summarized in table 2. The amounts of in- 
jury, as percentages, in the plots of the 
various rotations were quite uniform dur- 
ing the first 2 years. Then marked differ- 
ences appeared in the 1938 data and indi- 
vated a rapid increase of wireworm popu- 
lations in certain rotation plots. Injury 
was again severe in 1939 but decreased 
considerably in 1940. However, the trends 
are similar for the 3 years. Potatoes plant- 
ed after a 2-year sod, rotation 8, were se- 
verely injured as was expected from 
previous observations. In contrast, the po- 
tato crops in the 1- and 2-year rotations 
were markedly free of wireworm infesta- 
tions and of resultant tuber injury. An ex- 
ception may be noted in rotation 7, for 


Cv 
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Table 2.—Wireworm injury in rotation plots in Steuben County over a 3-year period. 


Per Cent Tupers INJurRED 


Rota- Rotation 
No Crops Length 1938 1939 1940 Average 
1 Potatoes continuous 1 yr. 2.6 4.2 0.2 £.3 
2 Potatoes continuous with manure 1 yr. 4.7 3.8 0.2 2.9 
3 Potatoes continuous with manure and rye cover — 1 yr. 6.3 4.3 0.2 3.6 
4 Potatoes continuous with rye cover crop 1 yr. 3.6 4.6 0.3 2.8 
5 Potatoes following field beans 2 yrs. 7.6 7.3 0.1 5.0 
6 Potatoes following corn for green manure 2 yrs. 12.8 16.6 0.5 9.9 
7 Potatoes following clover-timothy seeding 2 yrs. 52.0 10.7 0.7 21.1 
8 Potatoes following 2 years of sod 5 yrs. 88.8 72.2 17.9 59.6 
9 Field beans between 2 years of sod and potatoes 5 yrs. 9.7 51.3 5.5 22.1 
Minimum significant differences: odds 19:1 13.5 14.2 6.9 11.4 
99:1 18.1 19.1 9.3 15.1 


1938. In this rotation, potatoes followed a 
green manure crop of clover and timothy 
which had been seeded in the spring of 
1937 and was plowed under early the next 
spring. It is evident that the seeding be- 
came infested during the spring of 1937 
and the potato crop that followed was se- 
verely injured. However, injury to the 
tuber crops in 1939 and 1940, although 
slightly higher than injury to the potatoes 
produced in most of the other short rota- 
tion plots, was not serious. Excluding ro- 
tation 7, the results over the 3-year period 
showed that the short rotations, Nos. 1 
through 6, were not significantly different 
in respect to wheat wireworm infestations 
and injury resulting from these popula- 
tions. 

The use of field beans as a “buffer” crop 
between potatoes and sod, rotation 9, sig- 
nificantly reduced wireworm injury. For a 
comparison of injury in the two long rota- 
tions, 8 and 9, the percentage of injured 


tubers from the plots of rotation 9 should 
be compared with the amount of injury on 
tubers from plots of rotation 8 recorded’ 
the previous year. The intervening crop of 
field beans between the sod and potatoes 
made a one year delay in the planting of 
potatoes on rotation 9 plots. Therefore, 
sod plots of both rotations comparably ex- 
posed to infestation preceded potatoes by 
one year in rotation 8 and by two years in 
rotation 9. The modification of the long 
rotation by using a l-year “buffer” crop 
between sod and potatoes, although re- 
ducing injury, is not as effective a control 
as the short rotations. 

FRANKLIN County ExpertMent.—The 
results of tuber injury from this experi- 
ment have been summarized in table 3. 

In general, the relation of potato rota- 
tions to wheat wireworm infestations and 
resultant tuber injury followed the same 
trends as in the Steuben County experi- 
ment. 


Table 3.—Wireworm injury in rotation plots in Franklin County over a 3-year period. 


Per Cent Tusers 


Rora- Rovration — 
TION 3-yr. 
No, Crops Length 1938 1939 1940 = Average 
1 Potatoes continuous 1 yr. 11.4 2.4 7.5 vil 
2 Potatoes continuous with manure I yr. 5.5 1.4 9.1 5.3 
3. Potatoes continuous with manure and rye cover — 1 yr. 6.3 2.8 6.8 5.3 
+ Potatoes continuous with rye cover crop 1 yr. 6.5 2.2 9.4 6.0 
5 Potatoes following soybeans 2 yrs. 2.7 1.2 5.6 3.1 
6 Potatoes following corn for green manure 2 yrs. 12.4 Py 9.4 7.8 
7 ~~ Potatoes following clover-timothy seeding 2 yrs. 5.1 4.7 8.1 5.9 
8 Potatoes following 2 years of sod 5 yrs. 18.7 83.3 76.4 59.4 
9 Soybeans between 2 years of sod and potatoes 5 yrs. 8.7 7.6 30.7 15.6 
Minimum significant differences: odds 19:1 5.9 3.9 8.3 8.5 
99:1 7.9 5.3 11.2 11.4 
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Wireworm damage to the tubers was 
not severe in either 1936 or 1937 and was 
relatively uniform in all rotation plots. In 
fact, infestations did not build up until 
1938 and were reflected the year following 
in markedly increased amounts of injury 
in samples from certain rotation series. 
Therefore, data for the first two years has 
not been included in the summary and 
discussion of results in this experiment. 

In 1938, wireworm injury increased 

slightly from the previous year in three ro- 
tations; Nos. 1 (potatoes continuous), 6 
(potatoes—corn) and 8 (2-year sod— 
potatoes). Although the differences in in- 
jured tubers between these rotation series 
and the others are in most cases statisti- 
cally significant, the increased amounts of 
injury are not serious. 
- However, the following year, 1939, with 
increased wireworm infestation in plots of 
rotation 8, damage was severe as indi- 
cated by the high percentage of injured 
tubers. 

Interpretation of results from rotation 9 
is similar to the explanation given for the 
Steuben County data. That is, the per 
cent of injury in rotation 9 is compared to 
that in rotation 8 for the previous year. 
Soybeans were used in this case as an in- 
tervening crop between potatoes and 2- 
year sod. As in the Steuben experiment, 
the “buffer” crop significantly reduced in- 
jury but the amount of injury in this ro- 
tation is significantly higher than that re- 
corded from most of the shorter rotation 
plots. 

Although wireworm injury has been one 
of the chief points of interest in these ro- 
tation experiments, yields are important 
from a practical standpoint. Smith & Me- 
Cubbin (1940) have recently published a 
detailed analysis of the tuber yields ob- 
tained from the various rotation systems. 
They found that-the highest yields were 
obtained in the short 1-year rotations 
which were adequately fertilized with 
barnyard manure and commercial ferti- 
lizer. Rotations which included sod either 
as a green manure or forage crop also pro- 
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duced high yields of potatoes. Lowest 
yields were recorded from the rotations in 
which potatoes followed field beans and 
soybeans. 

Summary. —Three potato rotation proj- 
ects have been in operation in widely sep- 
arated areas of New York State since 1936 
to study the relation of rotations to tuber 
yields, soil changes, and injuries caused by 
diseases and insects. Two of these proj- 
ects have provided data on the relation of 
rotations to tuber injury caused by the 
wheat wireworm, .[grivtes mancus Say. 

Population studies indicate that the 
wheat wireworm was one of the most 
abundant and injurious of the species 
found in the plots in Steuben and Franklin 
Counties. Many abbreviated wireworms, 
Cryptohypnus abbreviatus Say, were found 
in the Franklin County plots, but appar- 
ently this species causes very little if any 
tuber injury. 

Data have been presented which show 
that in both Franklin and Steuben Coun- 
ties a long rotation in which potatoes fol- 
low two years of sod (No. 8) has had sig- 
nificantly the highest percentage of wire- 
worm-injured tubers. Not only was the 
number of injured tubers much larger, but 
the injury was a great deal more severe on 
each tuber in rotation 8 than in any other 
rotation. In all cases, the amount of wire- 
worm injury in the continuous potato ro- 
tations (Nos. 1 to 4) was consistently low. 

In both Franklin and Steuben Counties 
the modification of the long rotation by 
using a l-year “buffer” crop, such as 
field beans or soybeans, between sod and 
potatoes, although reducing injury, is not 
as effective a control as the short rota- 
tions. 

The highest potato yields were obtained 
in rotations 2 and 3, potatoes continuous 
with barnyard manure, with the yields 
from rotations 7 and 8, potatoes preceded 
by one year of clover-timothy seeding or 
two years of sod, running a close second. 
Lowest yields were recorded from the ro- 
tations in which potatoes followed field 
beans or soybeans. 1-15-41. 
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Control of the Potato Flea Beetle on Shade-Grown 
Tobacco in Connecticut 


A. W. Morris, Jr., U.S. Department of Agriculture, Bureau of Entomology 
and Plant Quarantine, Windsor, Connecticut* 


While the potato flea beetle, Epitrix 
cucumeris (Harr.), has long been a pest of 
tobacco in the Connecticut River Valley, 
its increasingly severe depredations have 
been of especial concern to the growers of 
cigar-wrapper tobacco under shade. By 
1935 this damage assumed alarming pro- 
portions since the high value of the shade- 
grown tobacco depends directly on a fine 
texture and almost complete freedom from 
holes and blemishes. Experiments on con- 
trol of the potato flea beetle on shade- 
grown tobacco were accordingly com- 
menced in 1936 and have been conducted 
each season since. 

In 1936 observations were also begun to 
determine whether there might be a rela- 
tionship between the intensity of beetle 
infestation occurring in tobacco fields and 
that occurring in potato fields. By exami- 
nation of soil samples and counts of beetles 
on tobacco growing in small shade tents 
and in areas enclosed with beetle-tight 
cloth, Morrill & Lacroix (1937, 1938) 
found that practically all infestations of 
the potato flea beetle in tobacco fields 
originated outside of the fields. For the 
past 10 years potato acreage in the valley 
has increased markedly. The fact that po- 
tatoes and tobacco are frequently grown 
interchangeably on the same fields or are 
grown in close proximity was found to in- 
tensify the problem. In some cases beetles 
coming from adjoining potato plants have 
been observed to destroy whole fields of 
newly-set tobacco. Similar movements of 
the beetles during the growing season have 
been seen to cause almost total destrue- 
tion of tobacco plants along the outer rows 
of the field (Morrill & Lacroix 1939). A 
typical case of border injury is shown in 
figure 1, 

Martertats Metuops.— Following 
the control recommendations made by 
Lacroix (1935) in Connecticut and the re- 
sults obtained by Chamberlin (1933, 1937) 
working on the tobacco flea beetle, Epi- 
trix parvula (F.), in Florida, it was decided 
to compare the effectiveness of insecticidal 
mixtures containing cubé root powder and 


* In cooperation with D. S. Lacroix, Connecticut Agricultural 
Experiment Station. 
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barium fluosilicate against the potato flea 
beetle. Also included in the tests were mix- 
tures containing cryolite and pyrethrum. 
The cubé root powder contained approxi- 
mately 4 per cent of rotenone and the 
barium fluosilicate was technically pure. 
The cryolite was a domestic synthetic 
product containing approximately 85 per 
cent of sodium fluoaluminate, the pyreth- 


Fic. 1.—Plants of sun-grown tobacco near the edge 
of a field in Connecticut showing severe injury from 
feeding by the potato flea beetle. This tobacco field 
was adjoined by a potato field. The leaves shown are 


about 21 inches long. 


rum powder was an impregnated prod- 
uct containing 0.5 per cent of adsorbed 
pyrethrins I and II, and the pyrethrum 
extract contained 2 per cent of pyrethrins. 
Sterilized tobacco dust was the diluent for 
all dusts except for one dust treatment in 
1937 in which a finely ground brown clay 
was the diluent. The treatments com- 
pared during the period 1936-1940 are 
given, along with details of the results 
secured in table 1. 

In 1936 and 1937 the dusts were applied 
with hand-operated rotary crank dusters 
at rates ranging from about 5 to 12 pounds 
per acre as the plants grew to maturity. 
Sprays were applied at rates of from about 
30 to 100 gallons per acre by means of 
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Table 1.—The effect of insecticidal treatments to shade-grown cigar-wrapper tobacco for control 
of the potato fiea beetle, as shown by the numbers of living beetles on sample plants and the per- 


centages of cured leaves injured and wrappers damaged by beetles, Windsor, Conn., 1936-1940. 


SEASONAL Wrappers 


TREat- Rate Toran Leaves Damacep 
MENT PER Living INsurep By BY 
No. Description Breries Beertes  Bereries 

Per acre Number Per cent Per cent 
1936, 4 applications 
1 Cubé—tobacco dust (1° rotenone) 8.1 Ib. $52 20.7 
2 Barium fluosilicate—tobacco dust 10.9 Ib. 255 15.1 
(3 Ib.-1 Tb.) 
3 Cubé—barium fluosilicate dust 12.1 Tb. #28 19.5 
(1 Ib.-4 Ib.) 
Cryolite—tobaceo dust 6.5 Tb. 392 17.7 
(4 Ib.-1 Tb. 
5 Untreated 2732 38.2 
19.37, ? applications 
1 Cubé—tobacco dust (1°% rotenone 7.1 Ib. 19 8.3 
2 Barium fluosilicate—tobacco dust 6.0 Tb. 199 12.8 
(4 Ib.-1 Ib. 
3 Cubé—barium fluosilicate dust 7.6 1b, 207 11.7 
(1 Ib.) 
Cubé—clay dust rotenone) 7.5 Ib. 624 10.9 
5 Untreated 1228 24.3 
1938, 12 applications 
Cubé—tobacco dust rotenone) 10.0 Ib. 60 2.5 
2 Cubé—tobaeco dust (1.5, rotenone 8.4 Ib. 69 3.4 
3 Cubé—tobaeco dust! (1°) rotenone) 9.6 Ib. 67 2.3 
4 Cubé—water spray? (2 lb.-50 gal. 57.6 gal. 53 3.6 
5 Cubé—water spray® (2 lb.-50 gal.) 57.8 gal. 65 2.5 
6 Untreated 382 14.8 
1939, 11 applications 
Cubé—tobacco dust (1°) rotenone) 10.1 Ib. 281 10.2 4.3 
2 Cubé—tobacco dust! (1°) rotenone) 11.2 Ib. $56 6.7 2.7 
8 Pyrethrum dust* (0.5 pvrethrins IT and IT) 8.9 Ib. SS7 3.8 
4 Same as treatment No. 4 in 1938 62.0 gal. 745 1.4 &.2 
5 Cubé—pyrethrum extract® (1 1b.-2 100 gal.) 62.6 gal. $25 19.5 3.8 
6 Untreated 1446 25.7 14.9 
1940, applications 
1 Cubé—tobaceco dust (1°) rotenone 8.6 Tb. 125 7.0 8.5 
Pyrethrum dust! (0.5°) pyrethrins and ID) 8.4 Ib. 820 12.9 14.9 
3 Treatments | and 2 applied alternately 8.6 Ib. 239 7.1 10.2 
Rotenone ext.—pyrethrum extract —glycer- 
ine—water spray (12 qts.:2 qts.:1/10 qt.: 
400 gals.) 36.6 gal. 518 26.5 37.5 
5 Same as treatment No. 5 in 1939 37.1 gal. 658 20.9 30.5 
6 Untreated 2180 3.9 80.0 


A water-soluble sulfonate of petroleum hydrocarbons, 4 02. to 


A water-soluble sulfonate of petroleum hydrocarbons, 1 oz. to 100 02. of dust mixture, added as a conditioning agent 
50 gal. of spray mixture, added as a conditioning agent 


A sodium salt of an alkylated naphthalene sulfonate, $02. to 50 gal. of spray mixture, added as a conditioning agent. 


40.2 per cent of a petroleum oil added as an anti-oxidant 
§ Sulfated castor oil, 1) quart to 100 gallons of spray mixture. 


hand-operated knapsack sprayers capable 
of developing 150 pounds’ pressure. These 
spravers had pump handles, not connected 
to the spraying arm, by means of which 
pressure could be maintained at a con- 
stant level. They were equipped in all cases 
with fine-calibre bordeaux-type nozzles. 


Applications of dusts were made gen- 
erally prior to 9 a.M., when conditions of 
dew and wind velocity were suitable. Ex- 
cessively heavy dew and resultant crisp- 
ness of the tobacco frequently prevented 
early dusting after the tobacco had 
reached 4 feet in height, when the leaves 
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were rather well interlaced. However, the 
morning wind movement reaching the in- 
terior of the plots at this season was usu- 
ally negligible. In 1936 and 1937 both 
dusts and sprays were applied at 7-day 
intervals from early June until late July. 
In 1938, 1939, and 1940 applications were 
made at semi-weekly intervals. 

The plots used in 1936 were one-eighth 
acre in area, and two series, each receiving 
all treatments, were arranged in fields not 
far from each other. In 1937 the two series 
of plots were divided in half so that 4 rep- 
lications of each treatment on one-six- 
teenth-acre plots were obtained. Although 
these replications were placed in differing 
relationships to one another, they were 
not truly randomized. In 1938 the plots 
were restricted to one field and were ar- 
ranged in a latin square of 6 treatments, 
the plots being reduced to one-fortieth 
acre. This design was retained in the ex- 
periments conducted during 1939) and 
1940. Untreated check plots were included 
as one treatment in all cases. 

Two criteria were used to determine the 
effectiveness of the various treatments, (1) 
the number of living beetles present on the 
plants immediately before and after each 
application and, (2) the commercial dam- 
age showing on the cured and processed 
leaves from flea beetle feeding. The sam- 
ple plants for counts of living flea beetles 
were chosen at random in each plot, there 
being, in 1936, 100, in 1937, 25, and in the 
following vears, 10 sample plants per plot. 
The damage to the cured and processed 
tobacco was determined on leaves from 
the same number of plants per plot as 
were used for the beetle counts, and these 
leaves were classified for the amount of 
flea beetle injury. The damage to the 
cured and processed leaves was used as a 
criterion since experience had shown that 
some of the beetle injury on the green 
leaves became, from the commercial stand- 
point, unimportant on the processed to- 
bacco. Consequently, the measurement of 
the effectiveness of a treatment by dam- 
age on the green leaves at harvest did not 
constitute an accurate picture of actual 
losses to the tobaceo grower as measured 
by the damage caused to the processed 
tobacco. 

In considering the problem of commer- 
cial damage it was found necessary to 
adjudge injury in relation to the place in 
which it occurred on the leaf. Injury oe- 


curring on certain parts of the leaf, as near 
the stem or midrib, may be unimportant, 
whereas the same injury will destroy the 
value of the leaf if it appears in the por- 
tions from which the four cigar wrappers 
are cut. Figure 2 shows leaves in outline, 
A, showing the location of the four wrap- 
pers and, B, the areas in which insect in- 
jury may cause damage. Positions 1, 2, 
and 3 show injury which can be trimmed 


Fic. 2.—Diagrammatic representation of tobacco 

leaf showing (4) positions from which the 4 wrap- 

pers are cut; and (B) positions where feeding by the 

potato flea beetle may, as well as where it will not, 
cause commercial damage. 


out in cutting the wrappers. Injury at the 
positions indicated by 4 could not be. At 5 
the injury could be trimmed off but would 
probably cause the leaf to tear in the hands 
of the sorter and might therefore easily be- 
come severely damaged and prevent a 
wrapper being obtained in that portion of 
the leaf. In practice there is a nearly even 
probability that such injury will not be so 
placed as to cause loss of wrappers, and 
the growers would therefore disregard it 
entirely. However, it was believed that 
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potential damage should be recorded as 
actual damage, since the severity of the 
injury, and not the commercial impor- 
tance of its location, was the criterion of 
effectiveness of the treatments. Efforts to 
correlate the degree of damage with com- 
mercial standards showed this to be im- 
practicable from the standpoint of uni- 
formity. An attempt was therefore made 
in 1939 and 1940 to determine the num- 
ber of wrappers potentially damaged as 
well as the percentage of the leaves show- 
ing flea beetle injury. 

Discussion oF 1 
shows, for each treatment used during the 
period 1936 to 1940, the total number of 
living flea beetles found on all sample 
plants during the period when applica- 
tions were made, the percentage of cured 
leaves of sample plants injured by the 
feeding of the beetles, and the percentages 
that were damaged of the potential wrap- 
pers from these cured leaves. 

Both barium fluosilicate and eryolite 
gave apparently satisfactory control. How- 
ever, each of these materials left far too 
noticeable a residue on the cured leaves. 
In the case of eryolite the “painting” was 
particularly objectionable on a leaf the 
value of which depends so greatly on its 
appearance. For a similar reason the ma- 
terial containing a finely ground brown 
clay as the diluent was found unsuitable. 
Even when the sprays gave satisfactory 
control, they were found impracticable be- 
cause the size and tenderness of the plants 
prevent effective spray operations in the 
latter part of the season. An extremely 
high degree of control might justify early- 
season use of sprays, but this was not ob- 
tained. The cubé dust mixture containing 
1 per cent of rotenone with a conditioning 
agent and the cubé dust containing 1.5 per 
cent of rotenone were not significantly 
better than the dust mixture containing 1 
per cent of rotenone. 

The most satisfactory control of the flea 
beetle was obtained from application of a 
cubé dust containing 1 per cent of rote- 
none and one of impregnated pyrethrum 
powder containing 0.5 per cent of ad- 
sorbed pyrethrins, and when these dusts 
were used for alternate applications. There 
was no significant difference between their 
effectiveness. In the plot treated with 
cubé during the five-year period the num- 
ber of leaves showing damage to 50 per 
cent or more of their wrapper area was 
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one-fifth that suffered by the plants in the 
untreated checks. In 1939 and 1940 the 
cured leaves from plots treated with the 
cubé and pyrethrum had less than one- 
tenth of the damage of this severity found 
in the check plots. 

In 1935 the growers had estimated com- 
mercial damage to the tobacco at between 
20 and 50 per cent of the crop value. Fol- 
lowing their widespread adoption of the 
dust mixture containing 1 per cent rote- 
none in 1936, the damage was estimated 
by these growers to have fallen to 2 per 
cent, and since that year has rarely been 
found to exceed 1 per cent of the value of 
the crop. 

Summary. — Increased potato acreage in 
the Connecticut River Valley brought 
about an increased damage by the potato 
flea beetle, Epitrir cucumeris (Harr.), to 
the shade-grown tobacco. Although this 
insect had long been a pest of tobacco, its 
increased depredations on this crop had 
by 1935 become a source of alarm to the 
growers. Experiments on control of the 
beetle were commenced on shade-grown 
cigar wrapper tobacco in 1936, together 
with observations which showed that a 
major portion of the infestation on to- 
bacco originated in adjoining potato fields. 

Tests were conducted during the sea- 
sons 1936 to 1940, in which cubé dust con- 
taining 1 per cent of rotenone was 
compared with barium fluosilicate, eryo- 
lite, cubé dust containing 1 per cent of 
rotenone and a sulfonated hydrocarbon 
spreader, cubé dust containing 1.5. per 
cent of rotenone, pyrethrum dust con- 
taining 0.5 per cent of adsorbed pyrethrins, 
sprays containing cubé and sulfonated hy- 
drocarbon spreaders, a spray containing 
rotenone and pyrethrum extracts and 
glycerine and a spray containing cubé, 
pyrethrum extract and sulfated castor oil. 

The plots of tobacco used in 1936 were 
1/8 acre in area, and each treatment was 
applied once in each of two neighboring 
fields. In 1937 the plots of 1936 were di- 
vided in half and each treatment was 
applied in two plots in each field. In 1938, 
1939 and 1940, the plots were restricted to 
a single field. They were one-fortieth acre 
in area and were arranged in a latin square 
of 6 treatments. Untreated check plots 
were included in all cases. 

Effectiveness of the treatments was 
compared on the basis of the counts of 
living flea beetles on sample plants at in- 
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tervals during the growing season, and of 
classification of leaves from sample plants 
according to the beetle injury apparent on 
the leaves after they had been cured and 
fermented. Injury was recorded both as 
total feeding injury observed and as in- 
jury capable of causing commercial dam- 

e. 
Cryolite, barium fluosilicate, and cubé 
dust diluted with a brown clay gave ade- 
quate control of the flea beetle but were 
found to be unsatisfactory because of un- 
sightly residues remaining on the cured 
leaves. Sprays were found unfeasible be- 
cause they could not be properly applied 


late in the season without mechanical 
damage to the plants. The most satisfac- 
tory control of the beetle was obtained 
from a cubé-tobacco dust mixture con- 
taining 1 per cent of rotenone and from an 
impregnated pyrethrum powder contain- 
ing 0.5 per cent of adsorbed pyrethrins. 
Prior to 1936 commercial damage caused 
by the potato flea beetle to shade-grown, 
cigar-wrapper tobacco was estimated at 
from 20 to 50 per cent. At the present time 
the growers estimate this damage to have 
been reduced to 1 to 2 per cent through 
the use of a dust mixture containing 1 per 
cent of rotenone.— 12-12-40. 
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Tests of Certain Insecticidal Dusts Against the 
Striped Cucumber Beetle* 


J. W. Brooks and T. C. ALLEN, University of Wisconsin, Madison 


The use of repellents and inorganic in- 
secticides for the control of the striped 
cucumber beetle, Diabrotica vittata Fabr. 
has for the most part been unsatisfactory 
in the truck crop region of Southeastern 
Wisconsin. Frequently this insect sud- 
denly appears in large numbers, attacking 
seedlings of young cucumber, melon, and 
squash, so that it is necessary to replant 
many of the fields. The losses caused by 
the beetles are due chiefly to their feeding 
on the stems and leaves, which commonly 
destroys entire hills. Only rarely are the 
entire plants destroyed by the bacterial 
wilt disseminated by this insect. It is obvi- 
ous, therefore, that successful control of 
the cucumber beetle in Wisconsin will in- 
crease the survival of young plants as well 
as the yield of fruit. 

Procepure.—The critera used by the 
writers for evaluating the insecticidal effi- 


* Approved by the Director of the Wisconsin Agricultural 
Experiment Station. 


ciency of materials for the control of the 
cucumber beetle was based upon mortal- 
ity records following applications of the 
dust insecticides. These dusts were mixed 
in a ball mill, shortly prior to application. 
The sample of the derris root employed 
contained 5 per cent rotenone. The fin- 
ished derris mixtures used and shown in 
table 1 contained 0.6 per cent rotenone. 
Records were compiled from tests made 
in the field and from tests made against 
the beetles under laboratory conditions. 
During the 1938 and 1939 summer sea- 
sons cucumber beetles treated under field 
conditions were collected and transferred 
promptly to cages in the laboratory. These 
tests were conducted in heavily infested 
fields of cucurbits which had not previ- 
ously been dusted. The various dust in- 
secticides were applied to insect-infested 
foliage by means of a knapsack bellows 
duster. One puff of dust was applied to 
each hill, and immediately a large cage 
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made of small mesh wire was placed over 
the entire hill to prevent escape of the 
treated beetles. Dusted beetles thus 
trapped were collected and transferred 
to vials, care being taken to place a small 
amount of dry dirt in each vial to absorb 
the moisture condensing within. The 
beetles were then removed to the labora- 
tory where they were placed in cages 
from which mortality counts were taken 
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days, the cages were removed and counts 
were made to determine the mortality. 
In testing the dust insecticides under 
laboratory conditions, beetles were placed 
in cages containing cucurbit foliage dusted 
with a controlled amount of insecticide. A 
dust atomizer was used to disperse the 
dust onto the foliage. The foliage was then 
placed in a vial under a lantern chimney, 
and beetles were introduced into the cage 


Table 1.—Results of field and laboratory tests of insecticidal dusts against the striped cucumber 


beetle, 1938-1940. 


Fiecp Tests 


Total 


Lanoratory Tests 


Statis- Total 


No. Tests Total Per Cent No. Total Per Cent  Statis- 
INSrCTICIDAL —_————— Beetles Beetles Mortal- tical Tests Beetles Beetles  Mortal- tical 
MIXTURE 1938-39 1940 Tested Dead ity Rating 1939 = Tested Dead ity Rating 
lbs. 
Derris 12 12 165 162 98.1 a 
Sulfur* SS 12 156 153 98.7 A 
Derris 12 
Tale 4 12 137 124 90.5 b 
Sulfur* 44 12 144 139 96.5 
Derris 12 
Hydrated lime 44 12 149 129 86.5 b 
Sulfur* 4 12 147 143 97.2 A 
Derris 12 164 116 70.7 
Tale Ss 12 174 167 95.9 A ” 212 ins 91.5 a 
Barium 
fluosilicate 14 12 195 95 48.7 d 
ale 86 12 131 64 48.8 B ” log 115 57.7 b 
Sodium fluo- 
aluminate 14 lz 181 83 45.8 d 
(synthetic) 
Tale 86 12 148 69 46.6 B 9 195 91 46.6 r 
Calcium arsenate 20 12 157 19 12.1 © 
Hydrated lime 80 12 176 23 13.0 c 9 191 sz 21.9 d 
Nicotine sulfate 3 12 44 17 11.0 e 
Hydrated lime 47 12 172 16 9.2 > 9 186 26 13.9 . 
Hydrated lime 12 189 3 1.5 f 
12 110 0 D 9 185 1 0.5 { 
Check 12 139 3 2.1 f 
lz 198 0 - D 9 179 1 o.5 f 
* Dusting sulfur—99.5 per cent pure. 
over a period of 3 days. Cages consisted and allowed to feed. Mortality counts 


of lantern chimneys, the small ends of 
which were covered with cheese cloth. The 
chimneys were placed firmly on soil con- 
tained in flower pots. A vial filled with 
water and containing cucurbit foliage was 
placed in each cage to furnish food for the 
beetles under observation. 

The mortality of cucumber beetles 
treated under field conditions during the 
1940 season was determined by making 
counts of caged insects in the field. The 
insects were treated as previously de- 
scribed, but instead of removing the 
beetles from the cages after dusting, they 
were left in the traps to feed upon the 
dusted plants. After a period of three 


were recorded from the cages over a period 
of three days. 

Discussion.—It is believed that the 
method of determining the mortality of 
beetles under field conditions closely ap- 
proximated results obtained by the aver- 
age grower following applications of such 
dust insecticides. Cucumber beetles are 
easily disturbed and become very active 
after they are dusted, and frequently fly 
away from the hills being treated, thus 
necessitating cages to retain them. In re- 
moving the beetles from the cages in the 
field and in transferring them to cages in 
the laboratory, it was possible to observe 
in detail the comparative lethal action of 
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the various contact poisons tested. The 
field tests in which the beetles were not 
transferred to the laboratory, but were al- 
lowed to remain in the field and feed un- 
molested on the dusted plants, provided 
less possible error which might be en- 
countered in the collecting and transfer- 
ring the beetles. 

The laboratory tests were designed pri- 
marily to duplicate the field tests. They 
served to measure the effectiveness of 
dusts against beeetles which might be 
forced to feed exclusively upon dusted 
foliage, but had not been dusted them- 
selves. 

Resutts.—Results (Table 1) of field 
and laboratory tests have been recorded in 
terms of percentage mortality. The per- 
centages were subsequently statistically 
treated by using the nomographs for sig- 
nificance of differences (Zubin 1939). The 
substitution of letters for degrees of sig- 
nificance enables one to compare any 
insecticidal dust with another in the same 
column of the table. If the letters are 
identical then the two observed per cent 
kills were not sufficiently different to be 
judged significant at approximately the 5 
per cent level. However, if they have dif- 
ferent letters associated with them, this 


implies that the difference is significant 
with the letter earlier in the alphabet cor- 
responding to the dust with a higher per 
cent kill. These interpretations of letters 
apply only when reading up or down a 
column. Small letters were used for the 
degrees of significance in the field tests of 
1938 and 1939, while in the field tests of 
1940 large letters are used. The small let- 
ters are not to be compared with the large 
or capital letters, and likewise the large 
letters cannot be compared with small let- 
ters, but must be compared with other 
large letters in the column. 

In using sulfur and sulfur containing 
dust insecticides on squash plants of the 
large Hubbard variety, it was found that 
no injury to the foliage was apparent. 

Summary.—The data obtained under 
the conditions which attended this in- 
vestigation indicate that of the materials 
tested, a derris dust proved to be the most 
effective in controlling the striped cucum- 
ber beetle. 

Fluosilicates, arsenicals, and nicotine 
dusts were less effective in the order 
named. 

Under field conditions, sulfur as a dilu- 
ent appears to improve the toxicity of der- 
ris to the beetles.—1-6-40. 
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Combinations of Insecticides for Control of Boll Weevil 
and Cotton Leaf Aphid 


Ratwwarer and Fioyp F. Bonny, Department of Agriculture, 
Bureau of Entomology and Plant Quarantine 


One objection to the recommended 
methods of direct control of the boll 
weevil, Anthonomus grandis Boh., is the 
increase in cotton leaf aphids, principally 
Aphis gossypii Glov., which follows sue- 
cessive applications of calcium arsenate 
(Folsom & Bondy 1930; Bondy 1938). 
Members of the Tallulah, Louisiana, lab- 
oratory staff observed in 1937 that there 
were fewer aphids in plots treated with 
mixtures of calcium arsenate and pyr- 
ethrum, cubé, or derris than in pots 
dusted with caleium arsenate. Experi- 
ments were conducted by the writers at 
Florence, South Carolina, in 1939 to de- 


termine if the use of combinations of in- 
secticides would control the boll weevil 
and at the same time prevent an increase 
in aphid populations. 

Insecticipes Trestep.—Calcium arse- 
nate, three synthetic cryolites, and barium 
fluosilicate were tested. Calcium arsenate 
was combined with other insecticides and 
diluents as follows: (1) With an equal part 
of nicotine bentonite (fixed nicotine dust); 
(2) with an equal part of a commercial 
mixture of nicotine bentonite and nicotine 
tannate (dual-fixed nicotine dust) ; (3) with 
an equal part of sulfur and enough derris 
to provide 0.5 per cent rotenone in the 
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dust; (4) with an equal part of a diatoma- 
ceous earth and enough derris to provide 
0.5 per cent rotenone. Three synthetic 
cryolites were used. One, containing 92.3 
per cent sodium fluoaluminate, was used 
with 1 per cent commercial spreader, and 
the other two, containing 83.4 and 81.3 
per cent sodium fluoaluminate, were used 
alone and with the addition of enough der- 
ris to make 0.5 per cent rotenone. Barium 
fluosilicate, containing 75 per cent BaSiF,, 
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made by examining 25 leaves taken at 
random from the upper third of the same 
number of plants on the two middle rows 
in each plot. For most of the records the 
leaves were merely classified as infested or 
noninfested. Early in August, however, 
there were striking differences in aphid 
populations caused by the different treat- 
ments, and it was evident that the per- 
centage of infested leaves was not showing 
the true relation of the insecticides to the 


Table 1.—Summary of experiments using several insecticides and combinations of insecticides for 


boll weevil and leaf aphid control, Florence, S. C., 1939. 


Pounpbs 
per AckE 


PER 


ApPLica- 


INSECTICIDE TION 


Calcium arsenate 6.45 
Calcium arsenate and nicotine bentonite 1:1 10.78 
Synthetic cryolite (92.3°; NasAIF.) and spreadert 8.83 
Synthetic cryolite (92.3°) NasAIF.) and derrist 12.50 
Barium fluosilicate 15.67 
Barium fluosilicate and derrist 18.34 


Minimum difference required for significance 


Density oF 


Experiment 1, latin square, 6 applications 


Experiment 2, latin square, 7 applications, 2 washed off by rain 


Calcium arsenate 6.81 
Calcium arsenate and nicotine bentonite-tannate 1:1 9.62 
Synthetic cryolite (83.4°, 22.81 
Synthetic cryolite (83.4°, Na»AIF.«) and derrist 24.24 
Synthetic cryolite (81.30, NasAIF.) 8.9 

Synthetic cryolite (81.3°), Nas AIF.) and derris} 9.19 


Minimum difference required for significance 


Srep Aputps Com- 
Weevit Bouts Corton Aputps Pparep To CaL- 
INFESTA- PER PER PER CLUM ARSENATE 

TION,* PLor, Lear TREATMENT, 
Per Cent Pounns Aver. No. Per Cent 

10.4 1867 27.58 30.3 100.0 

11.7 28. 60 12.5 41.2 

18.5 1818 26.90 10.3 34.0 

14.5 1903 29.77 5.0 16.5 

13.3 1801 25.18 102.6 

10.9 1958 30.02 7.2 23.8 

3.66 
9.4 2508 38.70 57.9 100.0 

10.2 2255 38.90 28.9 09 

13.0 2220 38.90 16.7 28.8 

10.6 2275 40.23 6.8 11.7 

13.4 2232 87.30 35.7 61.6 

14.2 2363 38.25 8.3 14.3 

2.82 


Experiment 3, 0.75-acre plots, 5 applications 


Calcium arsenate-sulfur (1:1) and derrist 11.44 20.3 
Check - 75.4 498075 = 4448 
Experiment 4, 0.75-acre plots, 4 applications 
Calcium arsenate-diatomaceous earth (1:1) and derrist 8.23 18.7 106105§ 1538§ 


* Average of 4 counts except in experiment 2, when 10 counts were made. 
t A commercial brand of synthetic liquid sticker and spreader. 
} Enough derris was added to give the dust a rotenone content of 0.5 per cent. 


§ Per-acre basis. 


was used alone and with the addition of 
enough derris to provide 0.5 per cent rote- 
none. All insecticides were applied early in 
the morning with single-row rotary hand 
dusters. The cryolites and the barium 
fluosilicate were much inferior to calcium 
arsenate and its mixtures in dusting quali- 
ties. Attempts were made to secure good 
plant coverage with each insecticide or 
combination of insecticides without re- 
gard to the quantity required. 

Data Optatnep.— Boll weevil infesta- 


tion, boll counts, and yields in the latin- 
square plots were recorded in a manner 
previously described (Rainwater 1938). 
The infestation and yield records in the 
large plots were made in the manner de- 
scribed by Young (1934). 

The aphid-infestation 


records were 


population, because the leaves from some 
of the plots were much more heavily in- 
fested than those from other plots. Con- 
sequently, on the last count, after the last 
poison application and when the aphid 
population was apparently at its height, 
another method of estimating the number 
of aphids present was used. The leaves ex- 
amined were classified as follows: (A) No 
aphids, (B) 1 to 5 aphids per leaf, (C) 6 to 
25 aphids per leaf, (I) 26 to 50 aphids per 
leaf, and (E) more than 50 aphids per leaf. 
The number of aphids was then calculated 
by giving the following weights to the 
various classifications: (A) 0, (B) 3, (C) 
15, (D) 38, and (E) 75. No aphid counts 
were made in the large plots owing to lack 
of time, only general field observations be- 
ing made, 
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The data obtained from these experi- 
ments are summarized in table 1. The 
number of aphids per leaf given in the 
table is the average for all leaves examined 
at the last count in six replicate 25-leaf 
samples or 150 leaves per treatment. 

Statistical analyses of the data for boll 
weevil control in the two latin-square ex- 
periments show a significant difference be- 
tween treatments for only one criterion of 
data, the average seasonal infestation. In 
experiment No. 1, according to this cri- 
terion, the calcium arsenate and barium 
fluosilicate treatments were equally effec- 
tive, and the calcium arsenate and the 
barium fluosilicate containing derris were 
significantly better than the 92.3 per cent 
eryolite with or without derris. In experi- 
ment 2 this criterion showed both calcium 
arsenate treatments and the 83.4 per cent 
cryolite plus derris to be equally effective 
and significantly better than the 81.3 per 
cent cryolite with or without the addition 
of derris. No significant difference between 
treatments occurred when based on boll 
counts or yield records in either experi- 
ment. In experiments 3 and 4 the mixtures 
of calcium arsenate and sulfur plus derris, 
and of calcium arsenate and diatomaceous 
earth plus derris, were better than the 
checks according to each criterion. 

The aphid infestation records show 
striking differences between treatments. 
These differences were easily seen in the 
field by walking from plot to plot. The 
eryolite plots without derris had fewer 
aphids than the calcium arsenate or 
barium fluosilicate plots without derris. 
Barium fluosilicate caused about as many 
aphids to develop as the calcium arsenate, 
but when derris was added there were only 
about 24 per cent as many aphids as in the 
calcium arsenate treatment. When derris 
was added to the eryolites, an average of 
only about 14 per cent as many aphids de- 
veloped as in the calcium arsenate treat- 
ments. When nicotine bentonite or a mix- 
ture of nicotine bentonite-tannate was 
added to calcium arsenate, the aphid pop- 
ulations were 41 and 50 per cent, respec- 
tively, of that in the undiluted calcium ar- 
senate treatment. 

_ No aphid population counts were made 
in the large plots treated with equal parts 
of calcium arsenate and sulfur or calcium 
arsenate and diatomaceous earth to which 
derris was added (experiments No. 3 and 
No. 4). However, observations made in 


these plots at the time boll weevil records 
were made indicated that there were no 
more aphids in either of the treated plots 
than in the untreated plots, and there ap- 
peared to be even fewer aphids in the plot 
receiving the calcium arsenate-sulfur-der- 
ris treatment than in the check plots. 
Nothing remotely approaching an injuri- 
ous aphid infestation occurred in either of 
the treated plots or in the untreated 
checks of this test. 

It is not to be inferred from these results 
that aphids can be controlled by the use 
of these combinations of insecticides after 
heavy infestations have developed. Other 
tests have indicated that a derris dust con- 
taining 0.5 per cent rotenone is not effec- 
tive in controlling the cotton leaf aphid 
under all conditions, but in these tests, 
where the combinations of insecticides 
were used continuously throughout the 
dusting period, damaging infestations did 
not develop. It should also be stated that 
the insecticides were home-mixed just 
prior to the first application. 

SumMaAry.—Experiments on two latin 
squares consisting of 36 0.05-acre plots 
each and on four 0.75-acre field plots were 
conducted near Florence, South Carolina, 
during 1939 to determine the relative effec- 
tiveness of several insecticides and com- 
binations of insecticides for control of the 
boll weevil and the cotton leaf aphid. Cal- 
cium arsenate, mixtures of equal parts of 
calcium arsenate and two fixed-nicotine 
dusts, and barium fluosilicate plus derris 
(to give a rotenone content of 0.5 per cent) 
were significantly better than two of the 
three cryolites tested with or without the 
addition of derris for boll weevil control, 
when based on average seasonal infesta- 
tion. Yield records and boll counts did not 
show significant differences between treat- 
ments. The cryolites and barium fluosili- 
cate with derris were inferior to calcium 
arsenate in dusting qualities but were 
followed by aphid populations of only 12 
to 24 per cent of those with calcium arse- 
nate. Equal parts of calcium arsenate and 
fixed-nicotine dusts held the aphid popu- 
lation to approximately 50 per cent of that 
in the undiluted calcium arsenate treat- 
ments. Equal parts of calcium arsenate 
and sulfur, or of calcium arsenate and dia- 
tomaceous earth, with the addition of der- 
ris gave satisfactory boll weevil control 
and kept the aphid population equal to or 
below that of the checks.— 10-22-40, 
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Egg Production of Greek Anophelines in Nature! 


R. C. SHannon and J. Hapsintcacac® 


Investigations on the European Anoph- 
eles maculipennis Meigen indicate that 
it consists of seven distinct biological 
varieties (Hackett 1937). Additional evi- 
dence supporting this view has been ob- 
tained through a study of the egg capacity 
and egg size of certain varieties of macult- 
pennis occurring in Greece and is here 
presented. Similar data on another species, 
A. superpictus, are included for compari- 
son. 

Falleroni (1925, 1926), working on two 
Italian varieties of A. maculipennis, was 
the first to call attention to differences in 
egg capacity. He claimed that the variety 
producing gray eggs (labranchiae) was 
more prolific than the one producing dark 
eggs (messeae). Also he observed that both 
are more prolific in the month of May 
than in midsummer. 

Martini et al. (1931) investigated these 
possibilities but concluded that it would 
be hazardous to consider that a difference 
actually existed, especially in view of the 
fact that the number of eggs produced by 
a given species varied with the season. 
These authors also noted that the eggs of 
labranchiae, aside from differences in float 
structures, differ somewhat in size and 
shape from those of other varieties of 
maculipennis. 

Van Thiel (1933), also working in Italy. 
was unable to demonstrate any significant 
difference in egg-producing capacity be- 
tween varieties. In abridged form his re- 
sults were: 


Varieties Number Range Mean 
melanoon Hackett 100 64-286 
messeae Falleroni 100 74-256 


maculipennis Meigen, 100 57-291 
or typicus 

atroparrus van Thiel 100 58-274 145 

labranchiae Falleroni 500 22-295 132 


The means indicate that labranchiae is the 
least prolific, contrary to Falleroni’s views. 


Mer (1931) recorded that in Palestine 
sacharori (elutus) produces fewer follicles. 
per ovary, consequently fewer eggs, in 
summer than in May. He suggests that 
this partly accounts for the great reduc- 
tion in adult densities occurring in the 
country in midsummer. 

Unfortunately, no wing measurements 
were recorded with the egg counts pub- 
lished in the preceding studies. Moreover, 
little attention was paid to the fact that 
the size of adults, and hence egg capacity, 
varies with the seasons. 

Marteriats aND Metuops.—-Three va- 
rieties of Anopheles maculipennis: subal- 
pinus Hackett & Lewis, typicus (maculi- 
pennis Meigen), and sacharori Favr. 
(elutus) are included in the present paper. 
In addition, similar studies on a species of 
the subgenus Myzomyia, M. super pictus, 
are recorded for purposes of comparison. 
The entire lot of material was collected in 
Macedonia and Bulgaria, chiefly in the 
Struma and Strymon valleys, in 1934 and 
1935. 

No attempt was made to ascertain the 
number of eggs a single individual could 
produce during its life. Specimens were 
discarded after single oviposition. 
(Shute (1936) states that maculipennis 
atroparrus will lay up to 17 batches of 
eggs.) 

Great variations occurred in the num- 
ber of eggs produced by individuals of 
each variety. The number was found to 
depend largely on the size of the adult, 
this in turn varying according to season 
and type of breeding place. It also became 
apparent that the number of eggs per 


! Publication of this paper has been secured by the payment 
of the costs of printing. 

? The observations on which this report is based were made 
with the support and under the auspices of the International 
Health Division of The Rockefeller Foundation, in cooperation 
with the Malaria Division of the School of Hygiene, Athens. The 
authors are also indebted to Dr. M. C. Balfour for facilitating 
these studies. 
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batch varied inversely with the size of the 
eggs. Measurements of both the adults 
and the eggs were therefore taken. 

Wing length was used as an estimate of 
the size of adults. By moistening the 
specimens, the entire wing may be re- 
moved, flattened on a glass slide and meas- 
ured. For convenience, these measure- 
ments were recorded to the nearest .25 
mm. It appears preferable to measure the 
entire wing rather than the distance be- 
tween the axillary incision and the wing 
tip. Measurements based on the latter 
average about .25 mm. less than those of 
the complete wing. 

An ocular micrometer inserted in a 
compound microscope was used to obtain 
egg measurements. Each batch of eggs 
showed a certain amount of variation in 
size and therefore three eggs of each batch 
were measured and their mean length was 
recorded. This gave a better estimate of 
the mean length of each batch but natu- 
rally tended to reduce the apparent vari- 
ability of egg lengths (see Notes on Statis- 
tical Analysis). 

A factor influencing the number of eggs 
produced is the amount of blood con- 
sumed. The individuals with incomplete 
blood meals, rather frequently encoun- 
tered, were discarded. Occasionally, an 
individual had obviously taken a second 
blood meal while eggs had begun to de- 
velop subsequent to a previous one. (This 
happens more frequently during periods 
of rainy weather when the females tend to 
remain indoors rather than leave to evi- 
posit.) This may account for certain ex- 
cessively high counts. Finally, there are 
females which produce only an incomplete 
batch of eggs. When this was apparent, 
the specimen was discarded. 

In practice, up to 500 adults were col- 
lected and kept in a cage until the follow- 
ing day. They were then lightly anesthe- 
tized and sorted into three classes: (1) 
those without blood or with a fresh blood 
meal were discarded; (2) those without 
blood but with fully developed eggs were 
tubed immediately; (3) the remainder, 
with partly digested blood, were returned 
to the cage and kept moist and at temper- 
atures of from 20° to 25° C. for 2 or 3 days. 
Upon being tubed, the great majority of 
these would oviposit within 24 hours. 

Females were placed in individual flat- 
bottomed vjals, 21X50 mm. in size. A 
piece of filter paper, 20X40 mm., ruled 


longitudinally with printed black lines 5 
mm. apart, was placed against the side of 
each tube at the bottom end and about 3 
ml. of water was added. After the speci- 
men was anesthetized and put into the 
tube, a cotton plug was inserted in the 
mouth and the tube was inverted, permit- 
ting the cotton to absorb the excess water. 
The vials were stored on their sides in 
wooden trays suitably partitioned to keep 
the vials from rolling, and with the strip 
of filter paper toward the bottom. Each 
set of vials could be examined without re- 
moving the tubes from their trays. A 
binocular microscope was used at low 
power to count the eggs, the ruled lines on 
the paper greatly facilitating the counting. 
A few drops of water will disperse clumped 
eggs. 

VARIATIONS IN OF ApULT ANOPHE- 
LINES.—The variation of wing lengths 
within each species examined was consid- 
erable. In some cases the longest found 
were twice the length of the shortest. 

Martini (1924), rearing anopheline lar- 
vae under conditions similar except for 
temperature, found that growth was more 
rapid at higher temperatures and that re- 
sulting adults were smaller than those 
reared at lower temperatures. This agrees 
with our findings that adults of early 
spring and late fall generations were no- 
ticeably larger than those of midsummer. 
During our routine investigations thou- 
sands of specimens of each species were 
collected; of these the largest and the 
smallest were selected for measurement. 
The smallest were found in midsummer 
while the largest belonged to early spring 
and late fall generations. 

Table 1 shows the occurrence of differ- 
ent wing lengths for each variety, by sea- 
sons. The shape of each distribution indi- 
cates that individuals with longer or 
shorter wings, respectively, than those en- 
countered would be extremely rare. The 
occurrence of a few small individuals of A. 
superpictus during the spring may be due 
to the fact that this species at times breeds 
in very shallow pools of water in rocky 
spring beds, and that these pools quickly 
reach a high temperature. 

It may be noted that mosquitoes of the 
first summer's collections of A. typicus 
were definitely smaller than those of the 
second summer. It is known that the great 
majority, at least, of the former had bred 
in a particular pond which became un- 
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Table 1.—Egg — of anophelines in relation to wing length. All specimens from Lithotopos 
except the last lot of A. typicus. 


Wino Lenoru 

(in mm.) 3.00 3.25 3.50 3.75 4.00 4.25 4.50 4.75 5.00 5.25 5.50 5.75 6.00 6.25 6.50 Mean 

Specimens per wing length 

Species Period 

sup. summer 0 5 34 39 22 0 3.70 
spring 1 2 18 25 37 18 2 2 0 3.88 
sach. summer 0 1 ll 35 42 4 1 1 0 4.14 
spring 0 1 7 16 12 21 17 22 3 3 0 5.03 
suba. summer 0 1 3 9 21 35 22 s 1 0 5.22 
spring 0 1 3 16 lz 22 6 i 1 oO 5.41 
typ. summer 0 7 ey a 22 25 9 7 2 0 4.77 
summer 0 1 16 35 58 45 41 28 5 0 5.16 
spring 0 1 3 + 26 24 30 1 1 .76 

Mean eggs per specimen 
sup. summer 938 132 10 163 140 
spring 67 1l2 140 149 173 186 160 173 162 
sack. summer 83 116 «137 155 216 349 152 
spring 161 Ist 228 261 zo 292 295 345 S4e 272 
suba. summer 185 174 213 272 325 340 308 S02 
spring 207 291 336 323 375 420 345 515 353 
typ. summer 109 144) 211 266 «6216 175 
summer 122 158 170 198 00 eu 
spring 161 zor 220 282 298 S35 S64 tle 305 

Mean eggs per mm. of wing 
sup. summer 28.6 37.7 37.1 40.8 37.8 
spring 22.3 34.1 40.0 39.2 43.0 43.8 35.5 37.0 41.0 
sach. «summer 23.7 30.9 34.3 36.5 48.0 61.3 69.8 36.9 
spring 40.2 $3.3 41.8 55.0 58.0 55.4 53.6 60.3 57.0 54.3 
suba. summer 43.5 38.7 44.9 54.4 61.9 61.8 59.3 7 57.9 
spring 46.0 61.2 67.2 61.5 68.2 73.0 57.5 824 65.2 
typ. summer 27.2 27.5 32.0 34.3 42.2 40.2 44.4 38.0 36.6 
summer 28.7 35.1 35.8 39.6 42.9 44.6 47.8 50.0 41.4 
spring 33.9 40.4 41.9 50.1 51.8 56.0 S82 66.0 53.0 


—_ =superpictus: 100 summer and 100 spring ovipositions 
sach. = sacharori: 102 summer and 100 spring ovipositions 
suba. = sabalpinus: 72 summer and 100 spring ovipositions 
typ. =typicus: 100 summer (Lithotopos), 224 summer (other localities), and 100 spring (Lithotopos) 


Counts «x RELATION TO WING 
Lenctu ano Eco Lenotu.—The first set 
“positions (May 193 ‘as obtai 
specimens per species (August 1934). withou Te crene 

-- ~~ A real difference in average size of the egg 
FREQUENCIES batches between varieties was indicated, 
—— — —— --- —— but with considerable variation of batch 


favorable for breeding early during this 
summer. 


sizes within each variety. During the ex- 
amination of the second set the following 
0.4898 2 1 August, wing lengths and egg lengths were 
0. 5067 12 0 both noted. The data showed a definite 
correlation between the number of eggs 
0.5443 il 0 2 and the size of the adult. Egg lengths show 
a small but consistent difference between 

0.5574 0 3 species which could well account for spe- 
cies differences in egg capacity. During 
0.6081 6 7 4 the following year another set of oviposi- 
0.6250 17 19 10 tions and measurements served as a check 

on the first. 

pag Table 1 shows the relation between the 
0.6757 1 + 30 size of the individual and the number of 
0.6926 1 5 eggs produced. All specimens listed were 
0.7095 6 obtained from Lithotopos, Strymon Val- 
0.7286 ¢ ley, Macedonia, except the second set of 
0.7433 6 summer specimens of typicus which came 
0.7602 1 from several other localities in Macedonia, 
0.8447 l and the Struma Valley of Bulgaria. The 


aa table shows that (1) a defigite relation 
exists between the size of individuals and 


© 
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the number of eggs produced, (2) the aver- 
age adult size is greater in the cool months 
of spring than during summer, and (3) 
sizes of the same species may vary be- 
tween localities in corresponding seasons, 
as shown by the differences between the 
two sets of summer specimens of typicus. 

Table 2 records the egg lengths of 100 
specimens of each species, all from Litho- 
topos, August 1934. It shows plainly that, 
while there is considerable variation of 
sizes within each variety, there are quite 
definite interspecies differences. 

Additional counts of eggs per oviposi- 
tion (mean and standard deviation only) 
are included in table 5 in the notes on sta- 
tistical analysis. Analysis of all egg counts 
shows that the majority of ovipositions of 
superpictus, sacharovi, and typicus consists 
of less than 250 eggs while over three- 
fourths of those of subalpinus exceed this 
number. Only two batches of over 500 
were noted, and these were both subal- 
pinus. Table 3 gives this information in 
detail. 

Winter AND Spring Dervevop- 
MENT OF ANOPHELINES IN NATURE.—Dur- 
ing the late winter throughout Greece the 
adult densities of the species here treated 
are extremely low. It is normally not pos- 
sible to secure a sufficient number of 
specimens to determine with any certainty 
the course of egg development before the 
arrival of spring. However, abnormally 
large numbers of anophelines were found 
hibernating during the winter of 1932— 
1933 at Lithotopos. No midwinter exami- 
nations were made, but occasional speci- 
mens of sacharort and maculipennis have 
been recorded with fully developed eggs 
even in January. This has happened par- 
ticularly during mild weather, when the 
adults feed comparatively frequently. 


Table 3.—Percentage of eggs of different sizes. 


SPECIES Betow 400—- Over 
AND SEASON 250 399 499 500 


A. superpictus 


Spring 100 
Summer 100 
Spring 100 
A. sacharovi 
Spring 61 39 
Summer 97 3 
Spring 38 57 5 
A. subalpinus 
Spring 15 75 9 1 
Summer 17 79 4 
Spring 14 57 28 1 
A. typicus 
Spring 72 28 
Summer 78 22 
Spring 19 73 8 


Table 4 records the percentage of adults 
found with eggs in different stages of de- 
velopment at various times throughout 
the winter of 1932-1933. Five successive 
stages are recognized, but only the first 
and fifth are here recorded. Records for 
subalpinus and typicus have been com- 
bined under the name of maculipennis. 
The data show that the latter tends to 
develop its eggs somewhat earlier than 
does sacharovi, while egg development in 
superpictus lags about a month behind that 
of sacharovi. As superpictus is primarily a 
stream breeder, a later beginning of its 
breeding season would be an advantage in 
aiding it to escape the frequent flushing 
of streams due to the heavy rains of early 
spring. 

Notes ON STATISTICAL ANALYsIs.'— 
Table 5 lists constants determined from 


1 By Hugo Muench. 


Table 4.—Winter and spring egg development in anophelines. (Missing percentages represent 


specimens with eggs in intermediate stages.) 


SACHAROVI 
Percentage 


Stage I Stage V 


SUPERPICTUS 


Percentage 


Stage I Stage V Stage I Stage V 


Date Specimens ova ova Specimens ova ova Specimens ova ova 

22 Nov. 1932 454 99.8 0.2 61 100.0 0.0 610 100.0 0.0 
8 Feb. 1933 272 91.0 0.2 48 60.0 1.2 427 100.0 0.0 

21 Feb. 486 93.0 2.4 65 66.0 20.0 340 100.0 0.0 
12 Mar. 304 18.0 20.4 70 0.0 16.0 126 99.2 0.0 
6 Apr. 229 3.5 37.0 131 0.8 31.0 167 59.0 4.2 

19 Apr. 130 4.6 27.0 123 0.8 21.0 266 1.9 15.0 


| 
= ij _ 
MAcuLIPENNIS 
Percentage 
4 
| 
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measurements of wing length (W), num- 
ber of eggs (.V), and the mean length of 
three eggs taken from each batch (S), and 
their probable errors. In order to arrive at 
an estimate of the variability of individual 
egg lengths the standard deviations of the 
mean egg lengths were multiplied by the 
square root of three. 

It is obvious that sufficient data are not 
at hand to decide whether there is a sea- 


Table 5.—Analysis of data on length of wing and number and size of eggs. 
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There is a consistent difference, on the 
whole, between species on the basis of 
wing lengths, egg lengths, and egg batches, 
Those species not well separated on the 
basis of one measurement show significant 
differences on the basis of another. 

Wing length (W) and number of eggs 
(N) vary within each species at different 
times of year, decreasing during warmer 
periods. Egg length may vary within spe- 


Lenora or Wine (W), we. 


Nowper or (NV) 


COEFFICIENT OF 


Size or (8), uM. v 
ARIATION 


Standard Standard Standard 
Mosquito Mean deviation Mean deviation Mean deviation Ww N 8s 
(of individual 
A. superpictus eggs) 
May 1934 162+3.1 36+2.2 . 22 
May 1935 3.88+ .020 303+ O14 160+2.3 ON 21 
Aug. 1934 3.70+ .010 141+2.2 S32+1.5 528+ 0010 O27 + 0007 06 .23 
A. sacharori 
May 1934 227+4.9 73+3.5 32 
May 1935 5.03+ .450+ .021 272+4.8 72+3.4 27 
Sept. 1934 4.14+ .016 236+ O11 153+3.1 4672.2 614+ 080+ 0011 06 06 
A. aubalpinus 
May 1934 325+4.1 61+2.9 9 
May 1935 5.41+ .029 378+ 351+ 6.0 76+4.2 07 
June 1934 299+6.7 69+4.6 639+ 0056 058+ 23 09 
Aug. 1934 5.22+ .021 .SI8+ 303+ 4.6 68+3.2 057+ 06 
A. typicus 
May 1934 2444.0 6042.9 26 
May 1935 5.76+ .022 327+ 307+ 4.7 70+3.3 06 2 
June 1934 223 + 6.3 54+4.4 
205+ 5.6 55+ 3.9 27 
207+8.8 55+6.2 27 
230+7.2 57+5.1 2 
5.20+ .033 346+ 202+5.4 57+3.9 07 28 
206+5.7 59+ 4.0 
Sept. 1934 5.30+ .054 =. 341+ 037 215+9.0 SR+6.4 683 + 0052 O58 + .0036 06 08 
Aug. 1934 4.76+ .028 .020 176+4.5 66+3.2 669+ O74> 0020 oo ll 
Sept. 1934 5.34+ .082 238+4.9 53+3.5 .0031 063+ 0022 07 
5.00+ 024 (339+ 208+3.7 52+2.6 672+ 045+ 0018 07 25 07 


* Standard deviation 


sonal variation in egg lengths. In all analy- 
ses, therefore, egg length for each species 
is taken as constant. The mean egg length 
for each batch, depending on a sample of 
only three, is subjected to considerable 
sampling variation. 

The numbers of eggs per batch are, 
from one standpoint, unduly variable. It 
has been pointed out in the paper that the 
number of eggs laid per batch depends on 
a number of factors in addition to the ca- 
pacity of the adults. On the other hand, 
this variability has been somewhat arbi- 
trarily diminished by excluding certain 
adults which appeared to be “out of line.” 

Bearing in mind the cautions implied by 
the above remarks, the results of the 
analysis definitely bring out certain 


points of interest, referred to in the body 
of the paper and here listed in detail. 


cies as well, but data are insufficient to 
show this. 

Standard deviations and coefficients of 
variation indicate that the number of eggs 
is by far the most variable of the three 
measures considered. Its variability is 
about three times that of either egg length 
or wing length. This probably reflects the 
inclusion of various outside factors which 
help to determine the number of eggs de- 
posited at any given laying. 

Number of eggs is definitely correlated 
with length of wing. The average of eleven 
correlation coefficients, holding length of 
egg constant (rwx.s) is +0.558, and ten of 
the coefficients are highly significant. The 
average of six correlations between wing 
length and egg length. holding size of 
hatch constant (rws.~) is +0.034, and no 
single coefficient is significant. The aver- 
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age of eight correlations between egg 
length and batch size (rys.w) is +0.020, 
again with no single significant coefficient. 

It seems logical to assume, in view of 
the facts brought out, that the egg capac- 
ity of the adult is a simple function involv- 
ing the cube of the wing length: egg length 
ratio or (W’/S)*. Moreover, inspection of 
the data makes it appear plausible that 
one function might apply to all species. 

Individual measurements vary a great 
deal and it appears justifiable to use the 
mean values of measurements as listed in 
table 5. This provides seven cases where 
W,S, and N are given for the same lots of 
mosquitoes, covering a wide range of 
values. 

It was found that a simple function of 
type k( W_S)* did not provide a very good 
fit; nor is there any reason why it should, 
as it is obvious that the WS ,ratio must 
break down at some point. A good fit was, 
however, given by the formula 


N = (0.834 W /S—0.401)°. 


The measure of fit of this formula is given 
by a correlation “eta” of 0.967. 

It appears, then, that the average num- 
ber of eggs laid by adults of any species of 
this group is determined almost entirely 
by the average size of its adults during 
the season in question and the average 
length of its eggs. 

SUMMARY AND  ConcLusions.—The 
number of eggs produced per anopheline 
female is primarily dependent upon the 
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size of the adult and of the egg. It is closely 
given by the formula: 


N =(0.834 W/S—0.401)* 


where N is the mean number of eggs, W 
the mean wing length, and S the mean egg 
length. The constants, of course, apply to 
the species discussed in this paper. 

Each species here considered has a 
fairly narrow distribution of sizes at a 
given time and place. This distribution 
shifts a good deal with season and with 
type of breeding place, greater sizes being 
found in cooler waters. Number of eggs 
laid and size of adult are positively cor- 
related. 

Egg lengths are, relatively, about as 
variable as wing lengths. There is, how- 
ever, no correlation between wing length 
and egg length in individual females, nor 
between egg length and size of batch. 

Average size of egg batch is evidently a 
species characteristic, depending on the 
distribution of egg length and wing length 
within the species; the latter measure- 
ment, at ieast, varying considerably with 
temperature. 

The consistent differences between sub- 
alpinus and typicus are of particular inter- 
est, since they indicate that two of the 
more closely related varieties of the ma- 
culipennis group are biologically distinct. 

It is believed that further studies will 
demonstrate a close connection between 
differences in egg capacity and differences 
in the biology of the species.—3-8-41. 
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The Toxicity and Repellent Action of Some Derivatives 
of Picramic Acid and of Toluenesulfonyl Chloride 
to the Greenhouse Leaf ‘Tier'* 


R. L. Mercate’ and C. W. Kearns, Dept. of Entomology 
University of Illinois 


In a consideration of synthetic organic 
insecticides, one of the most interesting 
and essential features is the relationship 
of molecular structure to toxicity. The 
study of such relationships is greatly 
complicated by the problems in organic 
synthesis which are encountered in the 
preparation of an orderly series of deriva- 
tives of a parent compound, the members 
of which differ only in the presence or ab- 
sence of certain simple substituent groups. 
Tattersfield et al. (1925), in a series of tests 
of the Cl, NO., and OH derivatives of 
benzene and naphthalene as contact in- 
secticides for Aphis rumicis, provided the 
first detailed study of such a problem. The 
most toxic compound studied was 3,5- 
dinitro-o-cresol and this compound was 
about 20 times as toxic as 3, 5-dinitro-p- 
cresol. The same relation between relative 
ring position of substituent groups, and 
toxicity was alsofound in the dinitrophen- 
ols, 2,4-dinitrophenol being much more 
toxic than 2,6-dinitrophenol. Of the mono- 
nitrophenols, the p-nitrophenol and m- 
nitrophenol were of equal toxicity and 
were much more toxic than o-nitrophenol. 
In all cases, the most toxic compounds 
have one nitro group in the para position 
to the hydroxyl group. It is possible that a 
chelation may occur between hydroxyl 
and nitro groups ortho to each other, thus 
decreasing the activity of both groups. 
Kagy (1936) found 2,4-dinitro-6-cyclo- 
hexylphenol to be several times as toxic to 
certain insects as acid lead arsenate, but 
2,6-dinitro-4-cyclohexylphenol, which has 
no nitro group para to the hydroxyl group, 
showed little toxicity, thus bearing out the 
above conclusion. 

In the experiments to be described, it 
was the authors’ intention, having selected 
starting materials possessing some insecti- 
cidal properties, to determine the insecti- 
cidal effectiveness of specific alterations in 
molecular structure. The compounds 
tested readily divide themselves into two 


1 Contribution No. 215 from the Entomological Laboratories 
of the University of Illinois. 

2 Early publication of this paper has been secured by payment 
of the costs of printing. : 

+ Now at Cornell University. 


distinct chemical groups, the nitrogen 
substituted aromatic sulfonamides, and 
the nitrogen substituted derivatives of 
picramic acid. Also included for compari- 
son are a few miscellaneous substances. 
MarTeriALs AND Metruops.—All the or- 
ganic chemical compounds used in these 
experiments were prepared by the authors, 
assisted by Mr. Arthur Toy. The starting 
materials were p-toluenesulfonyl! chloride 
and picric acid. Each of the derivatives 
was purified by recrystallization until as 
pure a sample as possible was obtained. 
The compounds were tested for toxicity 
and repellency as stomach poisons to 
third, fourth, and fifth instar larvae of the 
greenhouse (celery) leaf tier, Phlyctaenia 
ruligalis (Guenee). The larvae, which 
were obtained from a natural greenhouse 
infestation on Calendula plants, were se- 
lected by measurement of length and were 
carefully weighed. In every case exactly 
500 milligrams of the pure compound, 
ground through a 60-mesh sieve to insure 
reasonable uniformity of particle size, were 
dusted upon one-inch circular dises of 
Calendula leaves. The quantity of dust 
deposited per unit area of leaf was caleu- 
lated from the weight of material falling 
upon a weighed cover slip. Due to the uni- 
formity in the weight of the materials used 
and in particle size, the variation was con- 
sistently between 0.007 and 0.008 mg. 
per sq. mm. The mean factor of 0.0075 mg. 
per sq. mm. was used in all calculations. 
The apparatus used to obtain even dis- 
persal of the dust upon the foliage to be 
eaten was designed after the principle of 
the Campbell dusting chamber (Campbell 
& Filmer 1929). It consisted of a five-foot 
length of nine-inch stove pipe fitted with 
a wooden cover, and mounted over a hole 
four inches in diameter cut in a piece of 
composition board. A sliding shutter, hav- 
ing one end cut out to receive one-half of a 
3} inch petri dish and the other end equip- 
ped with an “L”’-shaped pipette, extended 
under the four-inch hole. The short arm of 
the “L” was fastened in a vertical hole in 
the shutter so that when the shutter was 
closed, the tip of the pipette was centered 
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below the four-inch hole, pointing upward. 
When the shutter was open, the petri dish 
was in position below the four-inch hole. 
The outer end of the pipette was equipped 
with a glass stopcock, and was connected 
to an air line delivering constant pressure. 

In determining the relative effectiveness 
of the various compounds tested, the fol- 
lowing procedure was followed. Five 
freshly cut, one-inch dises of Calendula 
leaves were placed bottom side up in a 
half petri dish, and the dish was placed in 
the receptacle of the sliding shutter of the 
dusting tower. Five hundred milligrams 
of the compound to be tested were placed 
in the pipette, and the shutter was closed. 
The air pressure was set at 12 pounds per 
square inch, and the dust blown out into 
the dusting tower. After a 2-second inter- 
val to allow the coarser dust particles to 
settle, the shutter was opened, bringing 
the leaves into position under the dust 
filled tower. The dust was allowed to set- 
tle for 5 minutes, during which time the 
leaves were coated with an even layer of 
very fine dust. The dusted leaf-sections 
were placed dusted side up on several lay- 
ers of moist blotting paper in a half petri 
dish. A leaf tier larva was placed upon 
each dise and a small watch glass, 0.75 
inch in diameter, with the edge coated 
with wax to cause it to adhere tightly to 
the leaf, was inverted over the larva and 
pressed firmly against the leaf-section. 
This precaution was necessary to prevent 
the leaf tier, which normally feeds upon 
only one of the leaf surfaces, leaving the 
other untouched, from crawling under- 
neath the leaf-section and feeding upon 
the undusted side, thus escaping the poi- 
son. The petri dishes were then placed in 
an enclosed cabinet where the tempera- 
ture was maintained at 25-28°C., and the 
humidity remained reasonably constant. 
The blotting paper under the leaf-sections 
was kept moist at all times. The larvae 
were allowed to feed on the treated leaf- 
sections for 48 hours and were then trans- 
ferred to fresh untreated leaf-sections and 
observed for mortality after 24 hours. The 
original treated leaf sections were cleaned, 
given a backing of transparent cellulose 
tape and were recorded permanently by 
placing them upon photographic print- 
ing paper, exposing them in a printing 
frame, and developing the paper. The 


eaten areas were measured by means of 
transparent millimeter erossruled paper. 
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From the data obtained, the amount of 
material in milligrams eaten per gram 
of body weight of larva was calculated. 
The results of such data, for twenty- 
seven organic compounds and for acid lead 
arsenate, are expressed in table 1. It 
should be noted that the figures given in 
this table are not intended to express me- 
dian lethal dosage but are used as a con- 
venient method of comparison of the 
insecticidal effectiveness of the compounds. 

Discussion AND Conciusions.—The 
term effectiveness as used in the discussion 
of results is applied to a combination of 
repellency and toxicity of a compound 
which prevents the feeding of an insect on 
foliage to which the compound has been 
applied but does not necessarily kill the 
insect at the dosage eaten. 

Of twenty-seven organic compounds, 
derivatives of toluenesulfonyl chloride 
and of picramic acid, which were tested 
for toxicity and repellency as stomach poi- 
sons to the greenhouse leaf tier, nine 
compounds gave results superior to 
those given by acid lead arsenate ap- 
plied in equal concentrations. These com- 
pounds were in order of effectiveness, 
N,N-dimethylpicramie acid; -methyl- 
picramic acid; 3,4-dichlorobenzene-.V- 
methylsulfonamide;2,4-dinitro-1-naphthol ; 
picramic acid; N-caproylpicramic acid ; 2,6- 
dinitro-p- -toluenesulfony! chloride; p- -tol- 
uenesulfonamide; and phenothioxin. The 
remainder of the compounds tested ranged 
in toxicity from effective repellents to 
completely ineffective compounds. Of all 
the compounds tested, V,.V-dimethylpic- 
ramic acid appeared to have the most 
favorable chemical and physical proper- 
ties. It is highly toxic to the test insect, 
stains much less than the other picramic 
acid derivatives, and under laboratory 
conditions does not appear to burn foliage 
badly. This compound is related to 3,5- 
dinitro-o-cresol, the toxicity of which is 
well known. The work already completed 
has indicated that the maximum toxicity 
to be obtained in the picramic acid deriva- 
tives should be found in .V, hexyl or N, 
heptyl picramic acid, or possibly in N, 
N-methylhexyl picramic acid. We have 
been unable to produce these compounds 
in the laboratory. These theoretical com- 
pounds would closely resemble 2,4-dinitro- 
6-cyclohexylphenol which is known to be 
very toxic to many insects. 

Some of the compounds tested appar- 
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Table 1.—Compounds eaten by larval Phiyctaenia rubigalis and consequent toxic effects. 


Numper Mean Quantity 
MELTING OF Eaten Per Gram 
ComPpounD Insects or Larva Wr. Mortaurry 

N,N-dimethylpicramic acid 210°C 10 0.17 mg. 100% 

N-methylpicramic acid 130 5 0.28 100 

3,4-dichlorobenzene-N-methylsulfonamide 184-186 5 0.61 0 
C.H,CLSO.NHCH, 

2,4-dinitro-1-naphthol 138 8 0.61 50 
C pH 

picramic acid 168-169 10 0.67 100 
Hy 

N-caproylpicramic acid S485 5 2.8 60 

2,6-dinitro-p-toluenesulfony! chloride 119-121 5 4.0 60 } 
CH 

p-toluenesulfonamide 130 10 4.7 0 
Hy 

phenothioxin (phenoxthin) 58 5 5.6 0 

CHS 

acid lead arsenate 10 13 30 
PbHAsO, 

xanthone 173 8 0 

CoH, 
CO 

3,4-dichlorobenzene-N-but ylsulfonamide 154-155 5 14 20 

2-nitro-p-toluenesulfonanilide 96 5 16 0 

2-nitro-p-toluene-N-isobutylsulfonamide 59-60 5 17 0 

2-nitro-p-toluenesulfonamide 148 10 20 10 
H, 

2-nitro-p-toluene-N-(2-hydroxy-3,5-dinit rophenyl )- 
sulfonamide 187-188 6 25 33 

4-nitro-o-toluenesulfonamide 186-187 8 30 0 
Hy 

N,N-dimethylpicramic acid-methylbetaine 75-280 5 31 0 

2,6-dinitro-p-toluenesulfonamide 209-210 5 37 0 
( ‘He ‘I I,( N¢ | WNH, 

2-nitro-p-toluenesulfonomorpholide 118-119 5 49 0 
( ‘Hy WN (C ‘H, ) 

methyl-2-nitro-p-toluenesulfonate 48 49 5 55 0 

2-nitro-p-toluenesulfonopiperidide 108 110 5 61 0 
C Hy 

N-benzoylpicramic acid 222-223 5 79 0 

2-nitro-p-toluenesulfonocyclohexylamide 87-88 5 80 0 

N-(2,4-dinitrophenyl)-picramic acid 190-200 5 83 0 

2-nitro-p-toluenesulfonodiphenylamide 157 0 
CHA sl I,N¢ le 

2,7-dinitroxanthone 240-250 5 104 0 
NO, 

CO 
p-toluenesulfonodiphenylamide 140-141 4 149 0 


CH SOLN (CoH, 


! The authors are indebted to K. P. Hall, Dept. of Chemistry, Cornell Univ. for valuable advice concerning the nomenclature of 
the compounds used. 
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ently possess some contact poison prop- 
erties, killing the larvae when eaten in 
scarcely measurable amounts, while others 
acted as very effective repellents and did 
not cause death. The amount of lead 
arsenate eaten seems rather high as com- 
pared with the median lethal dosages for 
other lepidopterous larvae, but appar- 
ently the leaf tier larva is very resistant to 
this poison. In all cases, the figures in table 
1 for milligrams eaten per gram of body 
weight are probably somewhat excessive 
because of the failure of some dust par- 
ticles on the foliage eaten to be ingested, 
certain particles clinging to the insect’s 
body and mouthparts. 

With regard to the relationship of molec- 
ular structure to toxicity, the following 
conclusions have been made: 

(1) In the aromatic sulfonamide group, 
the substitution of an amide structure for 
the chlorine atom of the sulfonyl chloride 
group slightly decreases the toxicity of the 
molecule, but greatly decreases the phyto- 
toxicity of the compound. 

(2) Replacement of one or more of the 
hydrogen atoms of the benzene ring of the 
parent sulfonyl chloride molecule by 
chlorine or nitro groups causes no appre- 
ciable change in toxicity, although it may 
have a favorable effect on the physical 
properties of the compound by raising the 
melting point. 

(3) Replacement of one or both of the 
hydrogen atoms on the nitrogen atom of 
the sulfonamides by aliphatic or aromatic 
groups causes a decided decrease in toxic- 
ity. This effect is more pronounced in the 
case of aromatic substituents and in- 
creases still further with the substitution 
of the second hydrogen. 

(4) Replacement of both hydrogen 
atoms on the nitrogen atom of the sul- 
fonamides by a heterocyclic nitrogen or 
heterocyclic nitrogen and oxygen group 
causes a total loss in toxicity. 

(5) There is no appreciable difference 
in the toxicity of the ortho and para posi- 
tion isomers of toluenesulfonyl chloride 
and toluenesulfonamide. 


(6) Replacement of the chlorine atom 
of toluenesulfonyl chloride by an alkoxy 
group (methoxy), as in methyl-2-nitro-p- 
toluenesulfonate, causes no increase in 
toxicity. 

(7) The presence of a free hydroxyl 
group in the picramic acid derivatives is 
necessary for high toxicity, as N,N- 
dimethylpicramic acid-methylbetaine, in 
which there is internal salt (zwitterion) 
formation affecting the hydroxyl group, is 
relatively non-toxic. 

(8) In the picramic acid derivatives, 
the presence of a carbonyl group adjacent 
to the nitrogen atom of the amine group, 
greatly reduces the toxicity. 

(9) Replacement of one or both of the 
hydrogen atoms of the amine group of the 
picramic acid derivatives by aliphatic 
groups increases the toxicity to insects, 
lessens phytotoxicity, and decreases the 
staining or dyeing properties of the com- 
pounds. The tertiary picramic acid amines 
(substitution of both hydrogen atoms) are 
more toxic to insects and less toxic to 
plants then are the secondary amines. 

(10) Replacement of a hydrogen atom 
of the amine group of picramic acid by an 
aromatic group greatly decreases toxicity. 

SumMmary.—T wenty-seven organic chem- 
ical compounds, derivatives of toluene- 
sulfonyl chloride and of picramic acid, 
were tested as stomach poisons for the 
greenhouse leaf tier, Phlyctaenia rubigalis 
(Guenee). The compounds were evalu- 
ated from the relative areas eaten out of 
leaf discs dusted with accurately weighed 
amounts of pure chemical compounds in 
a modified Campbell dusting tower. Of 
the compounds tested, nine gave results 
superior to acid lead arsenate. The most 
toxic compound studied was N,.NV-di- 
methylpicramic acid. Several interesting 
generalizations concerning the relation- 
ship of molecular structure to toxicity in 
this series of compounds have been made. 

It must not be inferred that any com- 
pound discussed herein is recommended 
for the practical control of the greenhouse 
leaf tier or any other insect.—3-12-41. 
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Further Studies of Various Insecticides Against 
Three Cotton Insects 


G. L. Surrn, A. L. Scares, and R. C. Gatnes, U.S. Department of Agriculture, Bureau 
of Entomology and Plant Quarantine’ 


Several insecticides and insecticidal 
mixtures were tested against the boll wee- 
vil, Anthonomus grandis Boh., the cotton 
leaf worm, Alabama argillacea (Hbn.), 
and the tarnished plant bug, Lygus praten- 
sis oblineatus (Say) at Tallulah, La., in 
1939. The materials included arsenicals, 
cryolites, derris, and pyrethrum. These 
studies were a continuation of those made 
during past seasons, the methods and re- 
sults of which have been reported by 
Smith & Seales (1937) and by Smith et al. 
(1938, 1939). 

1 The authors were assisted in the field by G. C. Woodruff, 
J. A. Fontenot, W. H. Richardson, and C. A. Richmond. All 


chemical analyses were furnished by the Division of Insecticide 
Investigations, Bureau of Entomology and Plant Quarantine. 


As in previous tests, the net mortality 
for each cage was computed by the for- 
mula (Y—})100/X, with Y as the per- 
centage of live insects in the check cage 
and } the percentage in the treated cage. 
The mortalities thus obtained were statis- 
tically analyzed by the method of analysis 
of variance. 

The properties of the arsenicals and ery- 
olites are listed in table 1. 

Catctum ARSENATE AND Sizep Frac- 
TIONS THereor.—The net mortalities of 
boll weevils caused by two commercial 
calcium arsenates and four fractions of 
each are given in table 2. The fractions 
were prepared according to particle size in 


Table 1.—Analyses of arsenicals and cryolites tested against the boll weevil, cotton leaf worm, and 
tarnished plant bug at Tallulah, La., in 1939. Water-soluble arsenic pentoxide determined by the 


New York method. 


SAMPLE 
No. 
1 
2 
I.D. 3859 
LD. 3681 


INSECTICIDE 


Fraction | 
Fraction 2 
Fraction 3 
Fraction 4 


Commercial calcium arsenate LD. 3689 


Fraction 1 
Fraction 2 
Fraction 3 
Fraction 4 12. 


LD. 3890 
L.D. 3935 


4824! 
L.D. 4825 
L.D. 4347 
Laboratory-made dicalcium arsenate, 
practically pure CaH H,O I.D. 4332 
Mixture of paris green (7°%) and com- 
mercial calcium arsenate (93°%) LD. 4849 
Basic copper arsenate, approximately 
4350 


Cu(CuOH) AsO?2 


Commercial cryolite LD. 
LD. 4848-2 
‘LD. 4861 
Commercial “cryolite mixture” I.D. 4351 


Toran 
ARSENIC 
PENTOXIDE 
Per Cent 


ARSENIC 

PENTOXIDE, 

Per Cent 


WATER-SOLUBLE 
ARSENIC 
TRrRIoxIDE 
Per Cent 


2.8 


6 2.2 


2.6 


0.08* 38.4 


Soptum FLUOALUMINATE 


$1.3 
83.8 
89.3 
33.8 


! Imported. 
? Cupric oxide content 54.4 per cent, 
AOAC. method. 
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Table 2.—Boll weevil mortalities from two commercial calcium arsenates and various fractions of 
each, showing the water-soluble arsenic pentoxide of each (New York method), together with analysis 


of variance. 
Ner Morrtauity, Per Cent ANALYsis OF VARIANCE 
AveracGe ARsENIC- —— — 
ParticLe Pentox- Error 
DIAMETER, IDE, Esti- of Differ- 
Microns Per Cent Weighted mated  Esti- ence Mean 

TREATMENT (X,) (YX) 1939 1938 Average (E) mate Comparison Per Cent DF Square 
LD. 3689: 

(A) Fraction 4 14.0 12.5 sO 91 85\ 92 

(B) Fraction 3 8.0 9.9 77 93 84, 77 7 A&Bvys.C 3 1 511.26 

(C) Original 13.0 73 90 81 

(D) Fraction 2 5.0 7.0 51 64 53 D&E vs. C —2@8 1 26,532.79°* 

Fraction 1 2.5 2.3 36 5l - 

.D. 3681: 
F) Fraction 4 9.0 6.9 69 87 77 73 4 T&Jvs.H 1 2,240.44° 

(G) Fraction 3 6.0 §.1 63 sO 70) 64 6 . 3 

(H) Original 8.0 4.4 53 S4 67 A, B,C, D& E vs. 

(1) Fraction 2 4.2 2.8 51 70 59\ 59 57 2 F,G,H,L&J 5 1 $,173.11°° 

(J) Fraction 1 4.4 2.6 45 75 59) 57 2 Error Variance 520 335.46 


* Significant. 

** Highly significant. 
the Division of Insecticide Investigations, 
Bureau of Entomology and Plant Quaran- 
tine, by means of a centrifugal air separa- 
tor. The average particle diameter is that 
which separates the sample into equal por- 
tions of larger and smaller particles by 
weight. Mortalities are shown as weighted 
averages based on 24 replications made in 
1938 and the 30 in 1939. The average mor- 
tality in the check cages was 31 per cent in 
1938 and 30 per cent in 1939. 

There was a definite correlation be- 
tween particle size of fractions and per- 
centage of water-soluble arsenic pentoxide 
as determined by the New York method 
(r= +.90; P, less than .001). The correla- 
tion between size of particles and net mor- 
tality was highly significant (r= +.47; P, 
less than .001), and the correlation be- 
tween water-soluble arsenic pentoxide and 
net mortality was also highly significant 
(r= +.48; P, less than .001). The multiple 
correlation coefficient for the three vari- 
ables (R; 3) was .48, which, on the basis of 
429 degrees of freedom, may be regarded 
as highly significant. The beta coefficients, 
or standard partial regression coefficients, 
showed that both particle size (Y)) and 
percentage of water-soluble arsenic pent- 
oxide (Ys) exerted a significant influence 
on net mortality. The net regression 
equation from which the estimated mor- 
talities of table 2 were computed was 
E=44.64+1.5 X,4+2.1 No. 

The average mortality for the calcium 
arsenate I.D. 3689 group differed signif- 
icantly from that for the I.D. 3681 group. 
All fractions, except Nos. 3 and 4 of LD. 
3689, showed a significant difference in 
mortality from the original. 


The fact that mortalities were higher 
for the I.D. 3689 group than for the L.D. 
3681 group would suggest the presence of 


Table 3.—Boll weevil and leaf worm mortali- 
ties from different calcium arsenates and cryo- 
lites with and without wetting agents, together 
with analysis of variance. 


Morta.ity 


Per Cent 
Boll Leaf 
TREATMENT Weevil Worm 

(A) Calcium arsenate L.D. 4347 70 95 
Cryolite: 

(B) L.D. 4348-2 and Lethane (1%) 67 63 95 \ 94 

(C) LD. 4348-2 59)" 93) 

(D) LD. 4348-1 56 

(E) LD. 4348-1 and Lethane (1%) 40, 76) 

(F) LD. 4361 and laury! thiocyanate 

(1%) 34 68 

(G) LD. 4861 M4 33 68 66 

(1) 4361 and Avirol 32 59) 

(J) LD. 4361 and Lethane (1°%) 30, 68) 


Cryolite mixture: 
(H) LD. 4351 33 44 


(K) L.D. 4351 and Lethane (1°) 23/28 
Calcium arsenate: 

(L) I 100 99 

(M) L.D. 3859 


ANALYsis or VARIANCE 


Difference, 
Per Cent Mean Square 
Boll Leaf Boll Leaf 
Comparison Weevil Worm DF — Weevil Worm 
Avs. B&C 7 1 1 742.56 6.12 
Avs. D&E 26 29 1 10,574.69°* 6,708.68** 
Avs. F,G,L&J 37 29 1 26,1387.00°* 8,004.15** 
Avs H&K 42 51 1 28,224.00°* 20,842.01°* 
Avs. L&M -4 125.34 
B, E, J, & K vs. 
C,D,G,&H -—-3 5 1 609.19 645.84 
Error variance 253 697.04 
Error variance 143 167.12 


** Highly significant 


another variable, which might have been 
included in the multiple correlation anal- 
ysis. 
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Catcium ARSENATE AND CRYOLITE.— 
The results of tests against the boll weevil 
and the cotton leaf worm of various cal- 
cium arsenates, cryolites, and cryolite 
mixtures are given in table 3. Boll weevil 
net mortalities are based on 24 replica- 
tions and an average mortality of 22 per 
cent in the check cages. Leaf worm net 
mortalities are based on 12 replications 
and an average mortality of 1 per cent in 
the check cages. 

Against both boll weevil and leaf worm 
calcium arsenate caused a higher mortal- 
ity than any of the eryolites with or with- 
out wetting agents. Calcium arsenate 
showed a significant increase in mortality 
over all eryolites except I.D. 4348-2. 

In another series of tests in 1939 not re- 
ported in table 3, calcium arsenate I.D. 
4347 caused a net boll weevil mortality of 
52 per cent, calcium arsenate 1, 71 per 
cent, and calcium arsenate I.D. 3859, 72 
per cent. 

Various ARSENICALS AND MIXTURES 
ContTAINING Tuem.— Boll weevil and leaf 
worm mortalities following treatment 
with different arsenicals and arsenical 
mixtures are shown in table 4. The results 
of these tests are based on 27 replications 
and an average mortality of 27 per cent in 
the check cages. 

Dicalcium arsenate caused the highest 
mortality of both the boll weevil and the 
leaf worm. This material gave a signifi- 
cantly higher boll weevil mortality than 
calcium arsenate. Calcium arsenate I.D. 
4347 used alone caused a significantly 
higher mortality of the boll weevil than 
calcium araenate of the same brand com- 
bined with sulfur. Against the boll weevil 
and the leaf worm the mortality from the 
imported calcium arsenate was signifi- 
cantly lower than the average mortality 
for the other calcium arsenates. Basic ¢ cop- 
per arsenate and the mixture of paris 
green and calcium arsenate were in gen- 
eral less effective than the calcium arse- 
nates. 

Cauctum ARSENATE WITH AND WirtH- 
out Carriers AND Wettinc AGENTs.— 
Boll weevil mortalities from calcium arse- 
nate alone and with various accessory 
materials are shown in table 5. The results 
are based on 21 replications and an aver- 
age mortality of 30 per cent in the check 
cages. 

Calcium arsenate mixed with calcium 
carbonate caused a significantly higher 
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Table 4.—Boll weevil and leaf worm mortali- 
ties from various arsenicals together with analy- 
sis of variance. 


Ner 


Mortauity 
Per Cent 
Boll Leaf 
T REATMENT Weevil Worm 
(A) Dicalcium 99 
(B) Calcium arsenate [.D. 3935 86) 97) 
(C) Calcium arsenate 3890 80 75 98 
(D) Calcium arsenate 4347 (95 
(E) Caleium arsenate? 66 
(G) Calcium arsenate! and sulfur 1:1 63) 98 
(1) Caleium arsenate! and sulfur 1:2 6356 + 
(L) Caleium arsenate! and Micronized sulfur 
86, 
(H) Calcium arsenate LD. $325 and sticker 5°; ti 91 
(J) Caleium arsenate 1.D. 4324 (imported) 56 Re 
(F) Paris green and calcium arsenate? 66 % 
(K) Basic copper arsenate 48 89 


ANALYSIS oF VARIANCE 


Difference, 
Per Cent Mean Square 
Boll Leaf Boll Leaf 


COMPARISON Weevil Worm DF Weevil Worm 
Ave B, c _D, &E 1 70° 208.33 
D vs. 1, "&L 12 3 3,223.71° 142.22 
E vs. 4 3 1 253.50 50.70 
B,C, D,& Evs.J 19 13 1 7,601.25** 2, 187.00°° 
B.C, D,&Evs.F 9 1 1 1,771.26 18.25 
B,C, D,& K 27 6 1 15,595.56°* 380. 81° 
Error variance S12 735.44 
Error variance 168 93.94 


1 Of the same brand as LD. 4347. 
? Calcium arsenate not analyzed. 
* Significant. 

** Highly significant. 


Table 5.—Boll weevil mortalities from cal- 
cium arsenate I.D. 4347 alone and with carriers 
and with analysis of variance. 


Net Mortauity 


AccRSSORY Mateatat Per Cc ENT 
(A) ‘ale tum easbounte 1: 70 60 
(H) Calcium carbonate 1:2 50 
(F) Sulfur 1:2 59) 54 
(G) Sulfur 
(1) Lime 1:1 49 
(J) Lime 1:2 48 
(B) Lethane (1° ) 68) 

(D) Lauryl thioevanate (1°) ) 63-65 
(C) Arirol (1%) 63 
(E) None 60 
Anatysis or VaRniance 
Difference, Mean 
Cc omparison Per Cent DF Square 
A&H ys. F&G 2 1 61.71 
A&Hvs. 11 1 2,765.76° 
E. vs. B, 5 1 366.7 
Error variance 200 596. 26 


* Significant. 


mortality than calcium arsenate mixed 


with lime. 


Derris, Pyreturum, SuLFUR, AND 
Cauctum ARSENATE Mixtures.— Derris, 
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pyrethrum, sulfur, and calcium arsenate 
mixed with sulfur and with Paris green 
were tested against adults of the tarnished 
plant bug. The results of these tests are 
presented in table 6. Eighteen replications 
were made and the average mortality in 
the check cages was 25 per cent. 


Table 6.—Mortalities of adult tarnished plant 
bugs from derris, pyrethrum, sulfur, and calcium 
arsenate mixtures, together with analysis of vari- 
ance. 


Net Mortatiry, 


TREATMENT Per Cent 

(A) Derris (4.8°7 rotenone) 87 
(B) Pyrethrum (0.71°% pyrethrins) 85) 
Calcium arsenate 4347 plus: 

(C) Sulfur 1:1 45) 

(D) Sulfur 1:2 38 37 

(G) Micronized sulfur 1:2 29 
(H) Sulfur 26 | og 
(F) Micronized sulfur 30 
(E) Paris green and calcium arsenate! 32 


ANALYSIS OF VARIANCE 


Difference, Mean 
Comparison Per Cent DF Square 
Avs. B 2 1 $2.11 
A&Bvs.C, D&G 49 1 51,275.27°* 
C,D,& Gvs.H & F ” 1,760.42" 
C,D,& G vs. E 5 1 468.17 
H& F vs. 1 118, 23 
Error variance 136 295.51 


1 Calcium arsenate not analyzed. 

Significant. 

** Highly significant. 

There was no significant difference in ef- 
fectiveness between derris and pyrethrum, 
but the average for the two was signifi- 
cantly higher than that for the calcium 
arsenate-sulfur| mixtures. Sulfur alone 
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caused a lower mortality than when mixed 
with calcium arsenate. 

SumMary.—In cage tests conducted at 
Tallulah, La., in 1939 several arsenicals 
and eryolites were used against the boll 
weevil and the cotton leaf worm, and der- 
ris, pyrethrum, sulfur and calcium arse- 
nate-sulfur mixtures against the tarnished 
pliant bug. 

With calcium arsenates that had been 
separated into fractions according to par- 
ticle size, definite correlations were shown 
between particle size and percentage of 
water-soluble arsenic pentoxide as deter- 
mined by the New York method, between 
particle size and net boll weevil mortality, 
and between percentage of water-soluble 
arsenic pentoxide and net mortality. 

Calcium arsenate was more effective 
against the boll weevil and the cotton leaf 
worm than cryolite with or without wet- 
ting agents. Dicalcium arsenate gave 
better results than commercial calcium 
arsenates, calcium arsenate-sulfur mix- 
tures, or basic copper arsenate: The addi- 
tion of wetting agents to calcium arsenate 
and to eryolite did not significantly affect 
mortality. Calcium carbonate and sulfur 
appeared to be better carriers for calcium 
arsenate than lime. 

Against adults of the tarnished plant 
bug calcium arsenate-sulfur mixtures 
caused a higher mortality than sulfur 
alone. There was no singificant difference 
in effectiveness between derris and pyre- 
thrum, but both were more effective than 
calcium arsenate-sulfur mixtures.—11- 
24-40. 
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ADMINISTRATIVE instructions modifying the re- 
strictions of the white-fringed beetle quarantine by 
authorizing treatment by methyl bromide solution 
of balled nursery stock of specified thickness, are 
included in B. E. P. Q. 503 (second revision) issued 


February 28, 1941. The treatments authorized in 
this revision include that to soil balls up to 7 inches 
in diameter or thickness in the parishes of Orleans 
and St. Bernard, and up to 8 inches in other areas 
in which the white-fringed beetle occurs. 


Toxicity of Certain Chemicals to the Fleece Worms Phormia 
regina (Meig.), Cochliomyia macellaria (I.) and 
Lucilia Sericata (Meig.)' 


E. F. U.S. Department of Agriculture, 
Bureau of Entomology and Plant Quarantine 


Certain blowflies of the family Calli- 
phoridae, Diptera, are important in vari- 
ous regions of the world as the cause of 
fleece worm infestations, or cutaneous myi- 
asis, primarily in sheep. The problem is of 
variable importance in the United States, 
its seriousness depending apparently to a 
large extent on weather conditions. Infes- 
tations generally result from soiled wool 
conditions in the crotch region of sheep, 
and usually occur during rainy seasons or 
during periods of high humidity. Fleece 
worms are also important in the United 
States in the role of secondary invaders in 
wounds infested by the primary screw- 
worm, Cochliomyia americana C. and P. 
In sheep, and less frequently in Angora 
goats, such infestations by fleece worms 
may spread from the wound into the sur- 
rounding wool or hair and produce typical 
myiasis in the skin below. 

Purpose or THe Tests.—In the pre- 
liminary toxicity tests reported in this 
paper, the object was to determine the 
relative toxicity of certain organic com- 
pounds to the species of fleece worms of 
most importance in the United States, 
namely, the black blowfly Phormia regina 
(Meig.), the secondary screwworm fly 
Cochliomyia macellaria (F.), and Lucilia 
sericata (Meig.), a greenbottle fly. 

The organic compounds tested were 
among those found previously to be toxic 
to larvae of the primary screwworm Coch- 
liomyia americana C. and P., as reported 
by Bushland (1940a). The preliminary 
toxicity tests reported in the present paper 
suggest certain organic chemicals that 
may prove practical in the prevention and 
treatment of cutaneous myiasis. 

The inorganic compounds, boric acid 
and the arsenical compounds, are in use as 
a control for fleece worms and were 
tested primarily to serve as a comparison 
in evaluating the toxicity of the organic 
compounds. 


1 Calliphoridae, Diptera. 

2 The writer wishes to acknowledge the helpful suggestions of 
Roy Melvin, under whose direction these studies were con- 
ducted; and he is also indebted to R. C. Bushland and to H. F. 
Parish for suggestions and criticisms. 


THe Tecunique Empioyvep.—The 
technique employed is based on that de- 
scribed by Bushland (1940b). It is sim- 
plified considerably, however, for tests on 
larvae of the fleece worm flies in that 
ground beef alone is used instead of the 
more complex medium used by Bushland. 

The desired amounts of the finely 
ground chemicals were mixed thoroughly 
by hand into finely ground lean beef from 
which the greater part of the fat had been 
removed prior to grinding. For the higher 
concentrations the exact quantity of the 
chemical was weighed and mixed into the 
ground beef; but for the more toxie ma- 
terials the lower concentrations desired 
were obtained by remixing known 
amounts of meat containing the greater 
concentrations of the materials with ad- 
ditional untreated meat. 

Fifty grams of ground meat containing 
the desired percentage of a chemical was 
placed in pint jars half filled with moist 
sand. Two jars were used at each concen- 
tration tested. Tests were usually first run 
at concentrations of 0.1 and 0.25 per cent. 
If the minimum lethal concentration did 
not fall in this range, higher or lower con- 
centrations were tested until the range 
was obtained within which the minimum 
lethal concentration would fall. No fur- 
ther tests were made with materials that 
did not produce 100 per cent mortality at 
0.5 per cent concentrations. An estimated 
50 eggs of one of the various species of 
flies were placed on the meat, usually in a 
small hole made in the meat ball. In the 
event the eggs did not hatch owing to in- 
fertility or to ovicidal action of the chem- 
ical,? newly hatched larvae were placed on 
the meat the following day. Observations 
were made every 4 hours until the larvae 
died or matured. 

Resutts or tHe Tests.—For the pur- 
pose of comparing the toxicity of the vari- 
ous chemicals it was considered that the 

? Ovicidal action against eggs of all three species placed on the 
meat was apparent at concentrations as low as 0.25 per cent for 
p-nitroanisole, p-nitrophenetole, phenothioxin, m-dinitroben- 


zene, and p-nitrotoluene. Some of the other chemicals showed 
ovicidal action at concentrations above 0.25 per cent. 


April 1941 


KNIPLING: CHEMICAL CONTROL OF FLEECE Worms 


315 


Table 1.—The minimum lethal concentration of certain chemicals to larvae of Phormia regina 
(Meig.), Cochliomyia macellaria (F.), and Lucilia sericata (Meig.). 


Rance Wirats Waicu Minimum ConcentRATION 


Wovuvp Fatt—(Per Cent) 


Cochliomyia 
CHEMICALS Phormia regina macellaria Lucilia sericata 
Organic 

Dipheny] sulfoxide (Pheny! sulfoxide) 0.05 -0.1 0.05 -0.1 0.05-0.1 

Nitroanisole 05 .1 .05 - .1 .05- .1 
Azobenzene .05 - .1 .025— .05 

Nitrophenetole* .05 - .1 .05- .1 
Phenothioxin? .05 - .1 -l -l— 
m-Dinitrobenzene — -l — .05- .1 

Chlorodipheny! -1 — -1 -l 
1 — .@ -1 — -1 
Dibenzofuran (Diphenylene oxide) 1 .5 
Phenothiazine A= .25 >.5 
Dibenzyl (Bibenzyl) — .5 >.5 -1 
Phenanthrene 25 .& .@ .5 
p-Ethoxydipheny] >.5 25 - .5 .25— .5 
Phenylurea >.5 .5 >.5 
Benzalazine .5 — >.5 
8-Nitroquinoline — .5 >.5 
Dipheny! (Bipheny]) - .5 — .5 >.5 
Anisalacetone >.5 
2,4-Dinitroanisole >.5 >.5 _- 
Benzophenone >.5 >.5 
2-Hydroxyquinoline >.5 >.5 >.5 
Cinchonine >.5 
Cinchonine hydrochloride >.5 — >.5 
Diphenylamine >.5 >.5 >.5 
Diphenylamine hydrochloride >.5 >.5 
o-Dinotrobenzene >.5 

Tnorganic§ 

Sodium arsenite -025— .05 .05- .1 
Calcium arsenate #1 (1.D. 3174) .025-— .05 .025— .05 - 
Calcium arsenate ¢2 (1.D. 3216) .05 - .1 -025— .05 
Magnesium arsenate 05 - .1 .025— .05 -L— 
Acid lead arsenate 05 - .1 .05 - .1 >.5 
Arsenic trioxide .25 — .% .5 
Basic lead arsenate -l — >.5 
Borie acid .25 .05 - .1 


* Approximately 99 per cent mortality at 0.1 per cent concentration for P. regina. 

t Approximately 99 per cent mortality at 0.1 per cent concentration for C. macellaria and L. sericata. 

t Approximately 99 per cent mortality at 0.25 per cent concentration for L. sericata. 

§ Samples of acid lead arsenate, basic lead arsenate, magnesium arsenate, and two samples of calcium arsenate were kindly fur- 
nished by the Insecticide Division, Bureau of Entomology and Plant Quarantine. The total As:Q, content was given as follows: 
Acid lead arsenate 31.4 per cent; basic lead arsenate 22.8 per cent; magnesium arsenate 39.1 per cent; calcium arsenate #1 (I.D. No. 
3174), 43.6 per cent, and calcium arsenate #2 (1.D. 3216), 42.8 per cent. 


minimum lethal concentration of a certain 
compound occurred between two limits in 
the series of concentrations used. As indi- 
cated for each chemical in table 1, the 
lower percentage represents the concen- 
tration at which some larvae survived and 
the higher that which gave 100 per cent 
mortality. Usually toxic effects were ap- 
parent at the lower figure although 100 
per cent kill was not obtained. 

Sodium arsenite proved the most toxic 
of the inorganic compounds to Lucilia 


sericata, although the toxicity is no greater 
than that of several of the organic com- 
pounds—diphenylsulfoxide, —_p-nitroani- 
sole, p-nitrophenetole, and m-dinitrogen- 
zene. With Phormia regina and Cochlio- 
myia macellaria, however, the toxicity of 
some of the aresnical compounds, namely, 
sodium arsenite, calcium arsenate, and 
magnesium arsenate, was greater than 
that of any of the organic compounds, ex- 
cepting in the case of azobenzene with C. 
macellaria. Although not all the organic 
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compounds have been applied to animals, 
some of them appear to be harmless. The 
fact that the toxicity of some of the or- 
ganic compounds may equal or approach 
the toxicity of arsenicals is encouraging, 
especially since it may be possible to apply 
some of them to animals in much higher 
concentrations than is possible with ar- 
senicals without harmful effects on the 
animals. 

Boric acid has been recommended for 
use in the control of fleece worm infesta- 
tion in Australia (caused there primarily 
by Lucilia cuprina Wied.). These tests 
show that boric acid possesses consider- 
able toxicity to Phormia regina, Cochlio- 
myia macellaria, and L. sericata, but a num- 
ber of the organic compounds equal or ex- 
ceed this material in toxicity. 

Owing to the limited number of chemi- 
cals and the rather wide range between 
concentrations tested, it is difficult to 
draw definite conclusions regarding the 
relative susceptibility of larvae of the 
three species to the various chemicals. In 
general, organic compounds toxic to one 
of the species are likely to be toxic to all. 
Lucilia sericata appears to be more re- 
sistant to some of the organic chemicals 
tested than are Phormia regina and Coch- 
liomyia macellaria. P. regina is apparently 
slightly more resistant than C. macellaria. 
In some instances, however, the opposite 
results were obtained, owing no doubt to 
specific toxic action of the chemicals. 

Lucilia sericata showed the greatest re- 
sistance to the aresnical compounds. The 
tolerance ranged from 2 to more than 10 
times that for the other two species. As 
with organic compounds, there was little 
difference between Phormia regina and 
Cochliomyia macellaria, the former species 
again showing slightly greater resistance 
than macellaria. 

It is of interest to note here that there 
appears to be a positive correlation be- 
tween the relative toxicity of the chemi- 
cals to the primary screwworm, Cochlio- 
myia americana, as reported by Bushland 
(1940a), and their toxicity to fleece 
worms. There are exceptions, however, 
that emphasize the specific toxic action of 
chemicals. Such materials as cinchonine, 
cinchonine hydrochloride, 2-hydroxyquin- 
oline, 2,4-dinitroanisole, and anisalace- 
tone possess considerable toxicity to lar- 
vae of the primary screwworm, but are of 
relatively low toxicity to fleece worm lar- 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 34, No. 2 


vae. On the other hand, boric acid, which 
is only slightly toxic to the primary screw- 
worm possesses considerable toxicity to 
the fleece worms. 

In comparing results of these studies 
with those of Bushland on the primary 
screwworm, it should be mentioned that in 
relation to the amount of ground beef 
present in the medium, the concentrations 
used by Bushland contained approxi- 
mately 3 times as much chemical as simi- 
lar concentrations in the plain ground 
beef medium used in the tests on fleece 
worm larvae. The medium used by Bush- 
land contained, in addition to ground 
beef, a high percentage of blood and 
water. 

Certain of the organic chemicals, 
namely, p-nitroanisole, p-nitrophenetole, 
p-chlorodiphenyl, phenothioxin, pheno- 
thiazine, diphenylamine, and 2,4-dinitro- 
phenylhydrazine, were tested also on Lu- 
cilia cuprina (Wied.) and Sarcophaga 
plinthopyga (Wied.). In general, the tox- 
icity of these compounds to L. cuprina was 
about the same as that for L. sericata. 8. 
plinthopyga showed greater tolerance to 
the chemicals than did the other species 
used. In a few tests conducted with vari- 
ous chemicals larvae of Lucilia mexicana 
(Macq.) appeared to be less tolerant than 
L. sericata or L. cuprina, Calliphora coloro- 
densis (Hough) and Cynomya cadaverina 
(Desv.) were about as resistant as L. seri- 
cata and L. cuprina, and Sarcophaga bul- 
lata (Park.) exhibited tolerance similar to 
that shown by S. plinthopyga. 

Summary.—-A method for evaluating 
the toxicity of materials to fleece worms 
under laboratory conditions is described. 
By the use of the method, the relative 
toxicity of 30 organic and 7 inorganic 
compounds to Phormia regina (Meig.), 
Cochliomyia macellaria (F.), and Lueilia 
sericata (Meig.) was determined. Diphenyl- 
sulfoxide, p-nitroanisole, azobenzene, di- 
azoaminobenzene, p-nitrophenetole, phen- 
othioxin, m-dinitrobenzene, —p-chlorodi- 
phenyl, hydrazobenzene, p-nitrotoluene, 
and benzeneazodiphenylamine were the 
most toxic of the organic compounds to all 
the species. The toxicity of some of the 
organic compounds approached that of 
sodium arsenite, the most toxie of the ar- 
senical compounds tested. Boric acid 
showed considerable toxicity to all three 
species. 

Lucilia sericata proved the most resist- 
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ant of the three species against arsenical 
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slightly greater tolerance than Cochliomyia 


compounds and in general to the organic macellaria to both the organic and inor- 
compounds. Phormia regina exhibited ganic compounds.—3-20-40. 
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Rearing Blowflies in the Laboratory 


The rearing of blowflies for experimental purposes 
by the usual methods is time-consuming and allows 
little cleanliness. A new method is herewith described 
which largely eliminates these difficulties. The spe- 
cies reared by this method was Cynomyia cadarerina 
Desvoidy, but the method should be practical for 
other species of blowflies as well. 

Breeding cultures of blowflies were maintained in 
cages constructed of galvanized wire-cloth (121 
meshes per square inch). Three sizes of cage were 
used: 28 28 X28 em., and 38X38 
X38 em. The bottoms and tops of the cages were 
reinforced with heavy wire. At the lower corner of 
one side of each cage was a doorway, 12.5 X 16.5 em., 
fitted with a door of wire-cloth, 15 X20 em. Cages of 
this sort are superior to those made of cloth or wood, 
because they can be easily cleaned by washing with 
hot water and a stiff brush. The largest cage was 
found to be the most useful, for it permitted large 
cultures without crowding and had such a great 
volume that few flies escaped when the door was 
opened. Each of the cages was furnished with a floor 
consisting of newspaper and was placed on a table 
with the side of the cage opposite the door facing a 
window. Light entering the window served to keep 
most of the flies on that side of the cage and permit- 
ted access to the cage with a minimum escape of flies. 

The watering device used was made by fitting 
a petri dish, 11.5 cm. in diameter and 1.5 cm. deep, 
with four thicknesses of paper toweling and invert- 
ing on the toweling a wide-mouthed bottle full of 
water. A short length of thread under the lip of the 
bottle facilitated entrance of air as the water drained 
out. When the water had drained from the bottle, 
the bottle and petri dish were thoroughly washed in 
hot water, and fresh toweling inserts were fitted in 
the clean glassware. 

For food, the flies were given dry sugar-cubes 
which were scattered about on the floors of the cages 
on the sides nearest the light where most of the flies 
collected. For oviposition purposes fresh beef was 
supplied. A meat-holder was devised consisting of a 
glass plate, about 10 em. square, covered with four 
thicknesses of dampened paper toweling, on which a 
small shell-vial full of water was inverted. The beef 
for oviposition was placed on the toweling; this 
served to keep the meat moist and to prevent desic- 
cation of eggs deposited on it. The meat and towel- 
ing bearing the eggs were removed daily to rearing 
containers, after which the glassware was cleaned 
and reassembled with fresh paper toweling and beef. 
This device facilitated the safe transfer of all eggs, 
whether on the meat or the toweling, to the rearing 
containers. 


Larvae and pupae were reared in glass aquaria, 
about 27 X 20 X 22 em. Each aquarium was half filled 
with slightly moistened wood shavings. A piece of 
beef was placed on the shavings and to this eggs de- 
gp by the breeding cultures were transferred. 

e aquaria containing growing maggots were 
placed in an ordinary chemical hood and were kept 
covered at all times with wire-cloth to prevent con- 
tamination by other species of flies. Fresh beef was 
supplied as needed. In feeding on the beef, the larvae 
usually buried it in the shavings. Because this pre- 
vented desiccation, the larvae were able to consume 
practically all of the meat, leaving only connective 
tissue and fat. When most of the larvae had left the 
meat, the remains were removed, and the larvae 
were allowed to pupate in the shavings. 

A day or two before adult flies were to emerge 
from an aquarium, it was removed from the hood, 
furnished with a funnel of wire-cloth specially con- 
structed to fit the aquarium and trap-cage of wire- 
cloth, and placed on a table in the laboratory. The 
trap-cages were 15X 13X13 cm. Since both funnels 
and cages were constructed of wire-cloth, they were 
easily cleaned. As the flies emerged, they were forced 
by the funnel to climb into the trap-cage. It was 
found unnecessary to supply food or water to flies 
in the trap-cages if the cages were emptied daily or 
every two days. When all the flies had emerged from 
the pupal cases in an aquarium, the shavings were 
discarded, and the aquarium was carefully washed 
and refilled with clean shavings before being used 
again. 

For breeding purposes, flies were transferred from 
the trap-cages to the breeding-cages. This transfer 
was effected most easily when the flies were anaes- 
thetized. The trap-cage was removed from the fun- 
nel by sliding a piece of cardboard beneath it and 
was set on a table, while the funnel opening was 
closed with a piece of wire-cloth. A small wad of cot- 
ton, saturated with ether, was then placed on top of 
the trap-cage, and the cage was covered with a bell- 
jar. When the flies became quiescent, the bell-jar 
and ether-soaked cotton were removed, and the flies 
were transferred to the breeding-cages. Throughout 
the entire period that flies were treated in this way, 
there were no indications that ether-anaesthesia in- 
jured them in any respect, and oviposition by the 
flies was always excellent. 

There are several advantages to this method of 
rearing blowflies: it facilitates the production of 
great numbers of flies with a high degree of cleanli- 
ness; the time required for culturing is relatively 
small; the beef on which the flies are reared is almost 
completely utilized; and the equipment is exceed- 
ingly simple.—2-3-41. 

Husert Frinos, University of Minnesota. 
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Lures for the Walnut Husk Fly 


The walnut husk fly, Rhagoletis completa Cress., is 
gradually spreading in southern California. Control 
measures are usually begun on the susceptible varie- 
ties of walnuts as soon as a new locality is known to 
be infested. The optimum timing of treatments for 
control is based on data regarding emergence of the 
flies from the soil. This information was formerly ob- 
tained by soil cages, which method has certain dis- 
advantages. Since the 1939 season, the McPhail lure 
has been generally used for this purpose with very 
satisfactory results. 

In general studies of this trypetid (Boyce 1934) 
many materials were considered as lures without 
success. Further work with Jures was undertaken in 
1937 after conferring with Dr. A. C. Baker of the U. 
S. Bureau of Entomology and Plant Quarantine, 
Mexico City, regarding the studies by M. McPhail 
of that laboratory on lures for fruit flies, especially 
species of Anastrepha. Following McPhail’s original 
work with proteins and also with sucrose or sucrose- 
containing materials in combination with brewer's 
yeast, trials were conducted during the 1937 season, 
with outstanding results in attracting this species of 
Rhagoletis. In these tests cane sugar, molasses and 
Diamalt were each used with brewer's yeast. Wheat 
shorts was used with borax, casein with sodium hy- 
droxide, and fresh steer blood and the proprietary 
material Clensel were each used, without accessory 
materials other than water. Each lure was suspended 
in the trees in open enameled pans of 2-quart capa- 
city, in open glass containers with slightly less evap- 
oration surface exposed but of the same capacity, 
and in the conventional Mediterranean fruit fly 
glass traps. The cane sugar with brewer's yeast and 
the casein with sodium hydroxide, in the order 
named, showed the most promise. However, it was 
difficult to make counts in the sugar lure because of 
the large numbers of other insects captured while 
the casein lure was relatively specific as an attractant 
for Rhagoletis completa. The formula used for the 
sugar lure was: cane sugar 320 grams, brewer's veast 
(wet) 8 grams and water to make 3,800 cc. The for- 
mula for the casein lure was: casein 200 grams, so- 
dium hydroxide (saturated solution) 300 cc. and 
water to make 3,800 cc. The open pan and the open 
glass container were both superior to the Mediter- 
ranean fruit fly trap, and the open pan was generally 
somewhat superior to the open glass container. 

During the 1938 season, the sugar and casein lures 
were compared further. However, it was desirable to 
reduce the amount of sodium hydroxide in the casein 
lure. The standard casein-sodium hydroxide lure 
used throughout the remainder of these studies was 
composed of 5.3 per cent casein and 3 per cent so- 
dium hydroxide. In all instances the casein was very 
greatly superior to the sugar. The sugar lure did not 
show as much promise during this season as during 
the preceding season for reasons undetermined. The 
greatest numbers of walnut husk flies captured in one 
day in a single trap was 355 with the casein lure and 
55 with the sugar lure. 

During the 1939 season, glycine (amino acetic 
acid) used at 2.5 per cent and 5 per cent in water 
solution was compared with the casein lure. The 
glycine was somewhat more effective than the casein 
lure with indications that a 2.5 per cent glycine solu- 
tion was more attractive than a 5 per cent solution. 
Limited tests indicated that the addition of water to 
the glycine lures after nearly complete evaporation 
had occurred did not impair their attractiveness. 
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During the 1940 season, extensive trials were con- 
ducted to compare glycine lures of varied glycine 
content with the standard casein-sodium hydroxide 
lure. Comparisons were also made between lures in 
which fresh material was substituted at weekly in- 
tervals with lures to which water was added twice a 
week to the existing, partially evaporated material. 
The data obtained over a period of four weeks show 
that glycine at a concentration of 2 per cent was sig- 
nificantly more effective than was a 4 per cent con- 
centration. It is interesting to note that when sodium 
hydroxide (commercial lye) at a concentration of 3 
per cent was added to a 2 per cent glycine lure, the 
effectiveness of the lure was significantly increased. 
Over a four-weeks period all glycine lures to which 
water only was added to the partially evaporated 
material resulted in significantly greater effective- 
ness than those in which freshly prepared glycine 
was substituted for the old. material at weekly inter- 
vals. Over the same period no significant difference 
was shown between a lure of 2 per cent glycine with 
sodium hydroxide kept at a nearly constant volume 
by the addition of water and a lure of casein with 
sodium hydroxide refilled with fresh material at 
weekly intervals. 

With reference to the optimum placement of the 
traps in walnut trees, it was found that those placed 
in the top of the tree captured the greatest number 
of walnut husk flies, those located in the central por- 
tion captured the next greatest numbers, while those 
located in the lower portion captured the jeast num- 
bers. However for various practical reasons the traps 
in general usage are located in the central portion of 
the tree. 

After it became evident in 1938 that the casein- 
sodium hydroxide lure would become very useful in 
connection with the walnut husk fly problem, this 
lure was designated as the “McPhail! lure” (Boyce & 
Bartlett 1939) in recognition of Mr. M. McPhail, 
who originated the use of protein lures for fruit flies 
(McPhail 1939). The lure is well known locally by 
entomologists, growers and pest control operators as 
the “McPhail lure.”” While glycine will be substitu- 
ted for casein in future use, because of its greater 
effectiveness and simplicity of usage, the fundamen- 
tals of the lure are unchanged therefore it seems d>- 
sirable to retain the original designation. Based on 
present information the lure that shows most prom- 
ise for the walnut husk fly is composed of a water 
solution of glycine (technical) 2 per cent and sodium 
hydroxide (commercial) 3 per cent. Further details 
regarding this lure will be studied during the 1941 
season. 

The excellent cooperation of Mr. M. McPhail and 
Dr. A. C. Baker of the U. S. Bureau of Entomology 
and Plant Quarantine, Mexico City, in this study is 
greatly appreciated.— 2-5-41. 

A. M. Boyce and R. Bartiert, University 
of California Citrus Experiment Station, Riverside. 


Literature 


Boyce, A. M. 1934. Bionomics of the walnut husk 
fly, Rhagoletis completa. California Agr. 
Expt. Sta. Hilgardia 8(11): 363-577. 


Boyce, A. M., and B. R. Bartlett. 1939. The wal- 
nut husk fly problem. Diamond Walnut 
News 21(4): 12-3. 


McPhail, M. 1939. Protein lures for fruit flies. 
Jour. Econ. Ent. 32(6): 758-61. 


April 1941 


Transparencies for Certain Insect 
and Plant Materials 


The following suggestions are made for the pres- 
ervation and display of certain insect and plant 
materials. The specimens are mounted between two 
relatively thin sheets of cellulose acetate and bound 
with cellulose tape. These transparencies are easy to 
prepare, neat and more or less permanent. Flat ma- 
terial such as leaves showing various types of injury 
can be preserved in this manner. Certain galls, es- 
pecially those produced by the Eriophyiidae and 
many of the Cecidomyiidae, can also be mounted in 
these transparencies. 

This method of mounting, as noted, is applicable 
only to comparatively thin, flat material. Riker 
mounts must be used for thick or bulky specimens. 
Where this new method can be used, it has certain 
advantages over the Riker mounts. It is compact 
and easy to handle. Three hundred transparencies 
can be stored in a single drawer of an ordinary 5X6 
inch filing cabinet. The specimens, thus mounted, 
are visible from both sides. This is important because 
details often occur on opposite surfaces of the leaves. 
For example, the eggs, exudations nymphs and 
nymphal skins of lace bugs occur on the lower sur- 
face while the characteristic feeding punctures occur 
on the upper surface. The sheets of cellulose between 
which the specimens are placed are flexible and per- 
mit considerable bending without injury Such 
mounts are inexpensive, costing approximately two 
cents a specimen. Material mounted in this manner 
is valuable for laboratory study, for demonstration 
and for exhibition. By placing lights behind the 
specimens, details can often be brought out to better 
advantage. 

Mareriats.—The sheets of cellulose acetate 
“Pyralin” should be clear, transparent and .005 of an 
inch thick. These are supplied by the manufacturer 
in sheets 20 X 50 inches at 17 cents a sheet in quanti- 
ties of 50 sheets. Black cellulose tape, one-half an 
inch wide, costs about $1.50 for 250 feet. Cement for 
fastening the specimen within the mount can be 
made by dissolving celluloid or cellulose in acetone, 
or can be purchased for 10 cents a tube under vari- 
ous trade names, such as “‘duco cement,” “cold 
solder,” “transparent cement,” etc. However, a com- 
paratively clear variety should be selected. 

Procepure.—To obtain the best results, the 
specimens should be properly pressed and dried. A 
good plant press and ample blotters are essential. 
Plant materials should be dried quickly and under 
moderate pressure. The beauty and neatness of the 
final mounts depend upon the care exhibited in pre- 
paring the specimens. Much of the color of flowers 
and leaves can be retained if the specimens are pro- 
perly cured. Once a series of specimens is preserved, 
it can be stored or filed indefinitely for future mount- 
ing. 

The cellulose sheets are cut into pieces 4} X11} 
inches. These are folded along the shorter side to 
form pieces 4} X5} inches. The folded sheets facili- 
tate mounting as the two pieces do not slip when ad- 
justing the specimen bet ween them or when blinding 
the mount. The sheets should, of course, be properly 
squared and the edges cut even. The material may 
be folded first, then cut into the desired size in which 
case the edges are sure to be even. Pieces cut 4} <5} 
inches fit conveniently in a standard 5 X6 inch filing, 
cabinet, allowing sufficient room for the binding. 
This size accommodates most leaves. Larger leaves 
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can sometimes be cut. Mounts of only one or two 
sizes are desirable in order to standardize a collec- 
tion. Thus far, the writer has used only 4} <5} inch 
mounts. 

The specimen is fastened to the lower cellulose 
sheet by means of one or two drops of cellulose ce- 
ment. The cement dissolves the cellulose sheet and 
thus a minimum amount of the cement should be 
used. A label designating the nature of the specimen, 
date, etc., can be cemented in the mount in a similar 
manner. After the specimen and the label have been 
cemented in place, the upper sheet is closed and a 
weight placed upon the mount and left for several 
hours until the cement is thoroughly dry. With care, 
several of these mounts can be stacked one upon the 
other and a weight placed on top. 


Fic. 1.—Transparencies showing two types of 
plant and insect relations. 


The mount is finally bound with one-half inch, 
black, cellulose tape. A little practice is required in 
binding the specimen because the cellulose sheets 
generate considerable static electricity and the tape 
has a tendency to jump toward the sheets. Manu- 
facturers of cellulose tape make convenient dispens- 
ers but a home-made holder can be easily and 
cheaply made. Some sort of dispenser eliminates the 
difficulty encountered by static electricity. Cellulose 
tape adheres tightly and permanently but, if neces- 
sary, can be pulled off with force. The mounts can be 
bound with a single strip of tape in the same manner 
that a lantern slide is bound by folding the tape at 
the corners. However, the pare the mounts are flexi- 
ble and greater speed can sometimes be obtained by 
cutting the tape in four pieces. Glued paper or cloth 
tapes are unsatisfactory. Black tape is neat and dur- 
able; however, other colors are available. It might be 
desirable to bind different types of material with 
different colors. 

The permanency of such mounts can be deter- 
mined only by experience. During the past few years, 
the materials available for transparencies have de- 
veloped greatly. Originally celluloid, cellulose nitrate 
in camphor, was used. After some years, celluloid 
turns yellow and becomes very brittle apparently 
due to the loss of the camphor. Nevertheless, some 
material mounted in celluloid in 1915 is still in good 
condition. Cellulose acetate is a more desirable ma- 
terial for this purpose and does not become brittle 
or turn yellow, at least over a considerable period of 

years, especially when kept in the dark. Unlike cellu- 

loid, it is non-inflammable although it burns slowly. 
Both celluloid and cellulose acetate scratch easily 
but samples that have had hard use for several years 
are still in good condition. Specimens mounted be- 
tween sheets of cellulose acetate seem to keep in ex- 
cellent condition indefinitely. Material mounted with 
this material has been under observation for five 
years.—3-3-41. 

S. W. Frost, Pennsylvania State College. 
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A Convenient Mount for Insects 


It has been the author's experience that the ma- 
jority of insect mounts now in common use are 
expensive, bulky, and easily broken. To overcome 
these difficulties, a special mount was designed 
(Fig. 1) and is being used to good advantage by the 
Department of Entomology at the North Dakota 
Agricultural College. Our experience would indicate 
that it should have a widespread appeal to teachers 
in entomology and to Extension workers as well as to 
the amateur entomologist with limited funds. 

This mount consists of a rectangular block of 
three-eighth inch plywood cut into any convenient 


Fic. 1.—Convenient insect mount. 


size with a cut-out space to serve as a frame for the 
insect specimens to be exhibited. A piece of card- 
board or sheet celluloid is stapled to the bottom of 
the frame and the space filled with cotton. Celluloid 
is placed over the entire top of the block, enclosing 
the specimen and the card containing the necessary 
data. Adequate space is provided on the lower por- 
tion of the mount for the card which may be typed 
or printed and pasted to the wood prior to placing 
the celluloid on the mount. The celluloid sheet is 
stapled to the plywood with an ordinary paper sta- 
pling machine. The size of the whole mount and the 
frame may be cut to any desired dimension. A con- 
venient mount now in use at the North Dakota 
Agricultural College measures on the outside 4” by 
54” containing a 3” by 2” space for holding the in- 
sect specimens. This will fit nicely into a 6” by 5” 
card filing drawer. 

To increase the attractiveness of the mount, the 
wood may be carefully sandpapered and painted. 
A dark green or black finish is quite satisfactory. 
The cost of materials for one of these mounts 
(4” by 5”) is slightly over four cents. While this 
mount is not absolutely insect-proof, this disad- 
vantage can be offset by injecting the specimen 
whenever practicable with a three or four per cent 
arsenical solution —1-31-41. 

Horace S. Tetrorp, North Dakota Agricultural 
College. 
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Screwworms in Man in Missouri 


At least three human cases of screwworms, Coch- 
liomyia americana C. & P., are known to have taken 
place during 1989 when and where a screw worm 
outbreak occurred in domestic animals in south- 
central Missouri. 

The following information, which describes the 
cases, was secured from the hospital staff of the Me- 
Farland (Rolla) Hospital, located at Rolla, Missouri. 
No other reports of human cases could be located, 
The cases developed during the height of the out- 
break which took place during the summer and fall 
months. 

Case 1. An elderly lady suffering from a cancer of 
the breast complained of intense itching and pain 
along the outer margin and in a spot on the opposite 
side from the cancer. On examination, two or three 
small groups totaling about 30 maggots were found. 
They were described as being about one-fourth inch 
long, pointed and reddish in color. They were at- 
tached side by side and pointed into live flesh. No 
dead tissue was in evidence. Chloroform was used in 
killing the larvae and they were readily removed. 
The wound healed nicely in a few days. 

Case No. 2. A man recovering from a throat in- 
fection noticed intense itching and pain in his nose. 
He called his physician to see if his throat was caus- 
ing the trouble. On examination both nasal passages 
were found infested with screwworms. He was 
taken to the hospital and treated with chloroform. 
A small amount of chloroform was placed on a wad 
of cotton and air was pumped through the wad into 
the nasal cavities. It took two or three treatments 
before all larvae, which totaled about 25, were re- 
moved. The larvae were about one-fourth inch long 
and had penetrated into some of the sinus tissue. 
The patient recovered nicely and went home after 
four or five days. The man did not remember that 
any flies bothered him especially, but admitted that 
he had been sleeping in a chair on the porch prior to 
discovery of the pain. 

Case No. 3. A man was brought to the hospital 
suffering from intense pain in his nose. Examination 
showed larvae attached side by side in both nasal 
passages. The larvae were described as plump and 
about one-fourth to three-eighth inch long. It took 
two or three treatments and it was believed that 
perhaps 25 to 30 larvae were removed. Chloroform 
was used in the treatment and the patient responded 
well and was able to go home after 4 or 5 days. The 
larvae were removed with tweezers after treatment. 

No specimens were kept by any of the attending 
physicians but from the description given in each 
case it is believed that all were screwworm cases. 
The outbreak was localized in an area that was not 
over 20 miles in diameter. The center of the infesta- 
tion was near St. James, Missouri. Some 12,000 or 
more cases were reported in livestock. The cases be- 
gan about June 22nd and continued until Decem- 
ber. The worst period was from July 15 to September 
15. On one large livestock farm two men work 
steadily from July 15 to about the first of October 
treating and taking care of infestations in livestock. 
The owner said that if another outbreak came like 
this one he would sell his stock in order to avoid 
going through such an experience again. It is be- 
lieved that the outbreak developed from infested 
livestock shipped from Southern Texas during the 
months of April and May.—-2-10-41. 

Grorct D. Jones, Extension Entomologist, Uni- 
versity of Missouri, 
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A New Grape Insect in Missouri 


The beetle, Rhabdopterus praeterta (Say) was 
found causing injury to grapes, as shown in Fig. 1, 
and they were present in great numbers along with 
adults of the grape root worm. The injury was first 
reported during 1938 but it was not until 1940 that 
the beetles were found feeding on the young fruits in 
the clusters. Subsequent tests were carried out in 
battery jars which proved that the beetles would feed 
upon the fruits. The tests also revealed the fact that 
the grape root worm beetle would cause similar in- 
jury but not in such severity. These did most of their 
feeding on the leaves. 

The infestation was in a vineyard which did not 
receive proper spray applications from time to time. 
The vineyard was the only one in the area which ap- 

ared to be attacked. No complaints came from 
farmers in the vicinity who had only a few vines. 
The vineyard, which is located in the center of a 
twenty-five acre orchard is about two acres in size. 
It was first thought that the grape colaspis was 
causing the damage but this insect was present in 
1939 in only small numbers. In 1940, Rhabdopterus 
praeterta was found in great numbers and was ob- 
served feeding on the small fruits. 

Mr. H. S. Barber of the Division of Insect Iden- 
tification, Bureau of Entomology and Plant Quaran- 
tine, identified the beetle feeding on the grapes and 
makes the following comment regarding the con- 
fusion of two very closely related species. 

Tue TecunicaL NAME OF THE CRANBERRY 
LeEAFBEETLE.-—“‘An economic species of leafbeetle 
which attacks various cultivated and wild plants, 
including cranberry and grape, over much of the 
eastern United States has frequently been recorded 
under the technical name Rhabdopterus picipes 
(Oliv.) but this name applies properly to a quite dis- 
tinct species peculiar to the Floridian fauna. When 
the latter was described and named in 1808, the 
types were from Carolina in the cabinet of Bose who 
had spent nearly two years at Charleston, and, al- 
though the legs are not mentioned in the descrip- 
tion, the chosen name picipes, meaning pitch-colored 
legs, agrees with the statement that the entire under- 
surface is brown like pitch. Some specimens from 
lower Maryland, North Carolina, Florida, and 
Alabama display these colors and seem to represent 
the species to which the name picipes was originally 
given. It may even be that the slightly larger and 
more strongly metallic form in southern Florida, 
Rhabdopterus blatchleyi Bowditch 1921, represents 
merely the maximum nutritional development of 
Rhabdopterus picipes, but our collections are de- 
ficient in adequate samples for decision at present. 

“The species commonly misidentified as R. picipes 
is smaller, paler brown with legs and antennae pale 
or whitish, and was given the name Colaspis prae- 
terta by Say, 1824, citing a preoccupied name in the 
Melsheimer Catalogue of 1807 and his own experi- 
ence that it occurred not uncommonly on the myrtle. 
This latter host plant being abundant in coastal 
lowlands, we may presume that Say’s types were 
collected by him either near Philadelphia or in the 
pine-barren region from New Jersey to the eastern 
shore of Virginia, which he frequented, but the 
species seems to inhabit the region from Maine to 
Texas. Unfortunately, LeConte, Horn, Blatchley 
and others have regarded practerta as a synonym 
of picipes, which it is not. 

“The genus Rhabdopterus includes numerous 
Neotropical species, as well as picipes, blatchleyi, and 
praeterta in our country. Study of the genitalia from 
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Fic. 1.—Injury caused by Rhabdopterus praetecta. 
near Marshall, Mo. 


freshly preserved alcoholic samples is very desirable, 
and such samples are solicited from each region. The 
aedeagus is of different shape in samples now identi- 
fied as picipes and praeterta.”’—2-22-41. 

Georce D. Jones, Columbia, Missouri. 


Metaldehyde and Calcium Arsenate 
in Slug and Snail Baits 


Several tests of the efficacy of slug and snail baits 
have been conducted in the humid coastal region of 
California near Half Moon Bay where damage from 
these molluses is extensive in truck crop fields and 
gardens. The species of primary economic impor- 
tance in this region are the gray garden slug, Deroceras 
agreste L.., the greenhouse slug, Milar gagates Drap., 
and the European brown snail, Helix aspersa Miiller. 
These species, especially the former, are particularly 
destructive to globe artichoke buds by scraping off 
the outer epidermis of the bracts. This injury later 
turns black and the salability of such products on the 
market is greatly reduced. Typical damage is shown 
in figure 1. 

According to Gimingham (1940) the use of metal- 
dehyde as an ingredient in slug and snail baits has 
been known since 1934 in South Africa. This ob- 
server (Gimingham 1937) records the first use of 
metaldehyde for the same purpose in England during 
1936, and, in addition to notes in the gardening peri- 
odicals, several workers in Great Britain (Jary & 
Austin 19387; Newton 1937; and Essemont 1938) 
have contributed more extensive articles. In the 
work reported for Great Britain, the usual method of 
preparation of the baits was to incorporate finely 
powdered heat fuel tablets, known as Meta-Meta, 
with bran at the rate of approximately 1 part of 
Meta-Meta (containing 99 per cent metaldehyde) 
and 56 parts of bran. In some instances sugar was 
incorporated in the mixtures. In the United States 
commercial baits containing metaldehyde have been 
on the market since 1938. 

Numerous bait mixtures have been tested since 
1938 in artichoke fields infested chiefly with the gray 
garden slug. The results of these tests as they apply 
to slugs can be summarized briefly as follows: 

(1) The most satisfactory mixtures in general con- 
tained from 1.5 to 2.5 per cent of powdered metalde- 
hyde and 5 per cent calcium arsenate with several 
other ingredients such as bran, fruit pulp, boiled 
potatoes, or molasses. 

(2) Calcium arsenate at the rate of 1 pound to 16 
pounds of bran in baits attracted fewer slugs or snails 
than baits containing metaldehyde. 
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Fig. 1.—Typical slug damage to a 
bud of the globe artichoke. 


(3) Small percentages of powdered metaldehyde 
(1 to 3 per cent by weight) incorporated in wheat 
bran baits were found to attract large numbers of 
slugs but gave reduced kills and slower kill than baits 
to which calcium arsenate was added. 

(4) Metaldehyde baits and combination baits of 
metaldehyde and calcium arsenate gave better re- 
sults under humid conditions than under dry condi- 
tions and in moist weather were found to remain 
effective in the field for at least 55 days. 

(5) Evidence obtained indicated that metalde- 
hyde acts as both a contact and a stomach poison, 
although the contact effect was greatest at concen- 
trations of metaldehyde too high for practical use. 

(6) Baits in which metaldehyde in bran (with no 
arsenical) were used gave more effective results in 
exposed places than under plants in shade due to the 
desiccating action of the sun on the slugs. The slugs 
were apparently affected by the metaldehyde and 
were unable to seek shelter before they were desic- 
cated. 

(7) Several compounds which are chemically close 
to metaldehyde were tried undiluted and at 3 per 
cent in bran. These included acetaldehyde, paralde- 
hyde, hexaldehyde, butyraldehyde, propionaldehyde, 
valeraldehyde, and heptaldehyde. No attractiveness 
to slugs or snails was observed. 

(8) Ten per cent of powdered metaldehyde in tale 
when dusted on eggs of the gray garden slug com- 
pletely prevented hatching. 

A most satisfactory bait for slug control and one 
which was also of value for snails was as follows: 
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SMALL Larce 
QUANTITY QUANTITY 
Black-strap molasses 2tablespoons 1 pint 
Calcium arsenate 1 ounce 1 pound 
Metaldehyde 0.5 ounce 0.5 pound 
Bran 1 pound 16 pounds 
Water 1 pint 2 gallons 


In artichoke fields the above mixture was used as 
a wet mash at the rate of 0.5 to | ounce to each plant, 
placed in piles on the ground close to the plant. 
Twenty pounds to the acre were found necessary for 
adequate control. 

In addition to the molasses formula above several 
other baits proved highly efficient. Boiled potatoes 
or raisins when combined with metaldehyde and cal- 
cium arsenate in bran were very effective additive 
ingredients. The formula of the raisin bait which 
gave excellent results was as follows: 


Raisins (low grade or cull) (per cent 


by weight) 46.25 
Bran 46.25 
Metaldehyde 2.50 
Calcium arsenate 5.00 


For snail control the regular calcium arsenate and 
bran bait at the rate of 1 part of calcium arsenate to 
16 parts of bran (by weight) seemed in most instan- 
ces to give satisfactory control. Basinger (1923, 1931, 
1940) recommended this bait for the control of both 
Helix pisana and H. aspersa. In a test conducted ina 
garden at Half Moon Bay during April, 1940, for the 
control of H. aspersa, a combination bait containing 
both metaldehyde and calcium arsenate as given in 
the raisin bait formula above was found superior toa 
commercial bait containing 5.16 per cent of calcium 
arsenate in bran and other fruit pulps. This bait was 
also superior to a commercial mixture containing 
2.75 per cent metaldehyde but no arsenical. The cor- 
poration of 40 per cent (by weight) of freshly ground 
orange rind in mixtures for the control of //. aspersa 
to replace the raisins, gave very satisfactory results 
in a second test in a garden at Half Moon Bay.—2- 
10-41. 

W. H. Lanaer, Jr. and G. F. MacLeon, California 
Agricultural Experiment Station, Berkeley. 
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April 1941 
A New Leaf Roller on Strawberry 


It had been noticed in the spring of 1938, 1939, and 
1940 that strawberry leaves were being rolled and 
fed upon in advance of the regular feeding period of 
the strawberry leaf roller, Ancylis comptana fragariae 
(Walsh and Riley) in the strawberry growing area 
near Logan, Missouri. Larvae collected on April 16, 
1940, and reared in the insectary proved to be that 
of the Tortricid moth, Amelia (Tortrix) pallorana 
(Rob.).* This pest has been recorded as a leaf roller 
of roses in New Jersey (Schott 1925) and as a pest 
feeding on the foliage of alfalfa in Kansas (Dean 
1928). 

The leaves of strawberries are rolled and fed upon 
in the typical leaf roller manner by the larvae of 
Amelia pallorana as early as April 10 to 15 in ordi- 
nary seasons at Logan, Missouri, and the golden 
yellow moths start emerging around the May 18. 
They remain fairly common in the strawberry 
patches throughout June and July. In comparison, 
the larvae of Ancylis comptana fragariae did not 
begin to hatch until May 8 in 1940 and their damage 
was not evident until several days later. 

At present, the chief economic importance of this 
leaf roller of strawberries lies not in its damage to 
strawberry foliage, but in the fact that it misleads 
strawberry growers in the timing of their spray ap- 
plications directed at the control of Ancylis comp- 
tana fragariae —1-30-41. 

W. W. University of Missouri. 
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Control of the Common Red Spider 
on Cotton* 


Sulfur has been almost the only insecticide used 
for the control of red spider’ on cotton although a 
variety of insecticides have been recommended for 
its control on ornamentals and fruit crops. The re- 
sults secured from the use of sulfur have not always 
heen satisfactory to planters. The extensive out- 
break of the red spider on cotton in northeastern 
Arkansas during the summer of 1940 offered an op- 
portunity to make further trials of insecticides in red 
spider control, and to find the causes for the re- 
ported failures. In addition to sulfur alone, a mixture 
of sulfur and DN (dinitro-o-cyclo-hexylphenol), 
which had been strikingly effective in killing red 
spiders in the greenhouse, was given field trial? 

The red spider was unusually destructive to cotton 
during the summer of 1940 on plantations in the 
Delta of northeastern Arkansas between the Missis- 


* Research paper No. 695 Journal Series, University of Arkan- 
sas. 

Tetranychus telarius (L.) 

* The experimental work reported was in cooperation with 
the Miller Lumber Company and the Cotton Branch Experiment 
Station at Marianna, Arkansas. Special acknowledgement should 
be made to C. N. Houck, general superintendent of farms of the 
Miller Lumber Company for making part of the funds and facil- 
ities available, and to Joe McFerran, semi-technical assistant, 
who was responsible for making the insecticidal treatments and 
assisting in scoring the results, 
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sippi and St. Francis rivers. The outbreak was in 
midsummer, as is usual with red spider outbreaks 
in Arkansas. The first threat of injury was noted on 
July 8. The injurious infestations were greatest in 
extent early in August, and the severity of infesta- 
tion declined markedly after the middle of the month 
when heavy late summer rains occurred. 

The distribution of the red spider outbreak may 
indicate the conditions which were favorable to it. 
The part of the Delta which was scouted for red 
spider injury extends southward from the Arkansas- 
Missouri state line for about 120 miles to near the 
Arkansas river. In the southern part of this area the 
rainfall in June and July had been excessive and 
the cotton plants were very rank. In the northern 
part during the same period the rainfall was below 
normal and the cotton plants were relatively small. 
Midway between the northern and southern coun- 
ties the rainfall had been excessive during June but 
very light after the early part of July. Apparently 
red spiders spread more rapidly in rank cotton than 
in small cotton. Heavy rainfall tended to suppress 
the infestation. 

In the northern two-thirds of this region probably 
about 5 per cent of the total cotton acreage was in- 
fested. There was almost no infestation in the south- 
ern part, where rain continued until late July. 

Most infestations in cotton originated in the edges 
of adjacent woodland, ditch banks, or levees, situa- 
tions which doubtless favored the occurrence of their 
winter or intermediate hosts. Occasionally infesta- 
tions originated in fields from vegetation around 
stumps although only a small proportion of the in- 
fested areas developed from such sources. Wild vio- 
lets were the host plants most frequently associated 
with the occurrence of red spider and were appar- 
ently among more important winter hosts. Where 
cotton rows led directly away from sources of infes- 
tation the red spider injury tended to follow the rows 
and frequently extended far into the field. Where 
rows were parallel to woods or levees the spread of 
the pest was distinctly less rapid. Undoubtedly cul- 
tivation of fields was responsible for the distribution 
along rows, and the distribution also appeared to be 
more extensive where the cotton plants were rank 
and the branches interlaced than where the plants 
were small. 

Dusting Expertments.—Following the success- 
ful use of DN dust for the control of mites on citrus 
(Boyce & Pendergast 1936) DN mixtures were used 
to control the red spider on various plants in the 
greenhouse. The results were successful for not only 
the active spiders but even the eggs were killed. Ap- 
parently the only factor limiting the insecticidal 
effectiveness of DN-sulfur against this pest was the 
difficulty in covering all of the infested foliage. The 
dilution finally determined as most satisfactory was 
1 part of a commercial 1 per cent mixture of DN in 
walnut shell flour, diluted with 19 parts of sulfur. 
Thus the resulting mixture contained only .05 per 
cent DN. This mixture was not satisfactory on all 
ornamentals on which it was tried but caused no 
injury on cotton. The mixture just described is the 
DN-sulfur mixture referred to in this paper. 

Dusting experiments for control of the red spider 
were conducted on one of the plantations belonging 
to the Miller Lumber Company, located near 
Hughes, Arkansas, in that part of the Delta where 
conditions had been most favorable for the red 
spider. On this plantation about 1,800 acres were in 
cotton, and because of heavy rainfall early in the 
season the vegetative growth was very rank. Red 
spider infestations appeared during July in approxi- 
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mately 40 spots, nineteen of which were used for 
experimental dusting. Ultimately all of the infested 
spots were dusted and the results were added to the 
observational data. Experimental dusting was car- 
ried on between July 28 and August 7, or during the 
period when infestations were growing. All progress 
of infestation was scored within a week after dusting. 
A single-row hand duster was used in application of 
insecticides on all experimental plots. 

In laying out plots usually all of an infested spot 
was dusted with a single insecticide. Untreated plots 
which served as checks were not immediately ad- 
jacent to the dusted plot but in nearby infested 
spots. In scoring data it was not considered practical 
to make a count of dead and living mites. Instead the 
leaves which showed obvious injury, indicating re- 
cent infestation were scored and a count was made 
of those on which there were active red spiders, and 
those on which there were none. 

On twelve plots dusted with DN-sulfur there were 
only 27.67 per cent of the previously infested leaves 
on which any active red spiders were present. On 
seven plots dusted with sulfur alone the injured 
leaves on which some red spiders occurred was 84.57 
per cent. On three undusted checks active spiders 
oceurted on 98.83 per cent of the injured leaves. 
These data do not indicate the percentage of spiders 
actually killed. Red spiders were very hard to find 
on plots dusted with DN-sulfur even on most of 
the leaves which were recorded as infested. On the 
sulfur plots the number of spiders on the infested 
leaves was relatively small when compared with the 
population on untreated plots and in almost all cases 
the spread of infestation was checked. 

There was a great deal of variation among plots. 
Where a single application of DN-sulfur was made 
the percentage of injured leaves on which active 
spiders occurred varied from none to 55 per cent. 
The relative rankness of cotton, which interfered 
with thoroughness in application, appeared to be the 
chief cause of variation. 

In the practical work on this plantation in a few 
spots as many as three applications were necessary 
to eradicate an infestation. Nevertheless on all in- 
fested spots single applications of either DN-sulfur 
or of sulfur checked spread. Eradication followed 
more readily where the D.V-sulfur mixture was used. 
Since most of the infested spots were noted when 
small, a hand duster was most frequently used. 

On other plantations where red spider control 
with sulfur was observed the results were variable 
and the degree of success appeared to be in propor- 
tion to the thoroughness of the dust application. On 
rank cotton unless the duster spouts were set low so 
that the dust was blown upward and distributed 
through the foliage, little was gained from dust 
treatments. Where sulfur was shaken from bags car- 
ried through the fields on mules the operators some- 
times appeared to spread infestation. On small 
cotton the requirements regarding the manner of 
application were less exacting. 

Summary.— Dusting cotton with a DN-sulfur 
mixture was effective in controlling the common red 
spider in Arkansas in 1940. This mixture contained 
only .05 per cent DN. Sulfur itself is a good repres- 
sive agent. The manner of dusting is an important 
factor in control, particularly in rank cotton, and it 
is necessary that the infested foliage be covered with 
the insecticidal dust. Surface dusting was of little 
value and in some instances dusting operations 
seemed to increase the spread of the red spider. Since 
infestations originate adjacent to spots where winter 
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hosts have occurred the total area to be dusted need 
not be great and usually can be treated with small 


sized dusters which facilitates dusting.— 2-22-4], 
Dwicut Isevy, University of Arkansas. 
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A New Method of Counting 
Orchard Mites* 


Investigations in progress at the Dominion Ento- 
mological Laboratory, Vernon, British Columbia, 
have emphasized the need for a rapid yet reasonably 
accurate procedure for determining populations of 
orchard mites. 

Although in the case of low to moderate infesta- 
tions, European red mites, Paratetranychus pilosus 
C. & F., may be counted fairly readily by means of a 
hand lens or even with the unaided eye, they are 
difficult to count when very numerous. Even more 
difficult is the task of estimating populations of the 
Pacific mite Tetranychus pacificus MeG. because it is 
a smaller form than the European red mite and, be- 
ing yellowish-green instead of red, is more difficult 
to detect on green leaf surfaces. 

A method has been developed at this Laboratory 
that simplifies very considerably the problem of 
counting mites from orchard plots. The procedure 
consists of placing sampled leaves between two 
sheets of white mimeograph paper and passing the 
sheets between the rollers of an ordinary clothes 
wringer. The mites upon being crushed leave char- 
acteristic stains on the paper. The stain left by the 
Pacific mite, though paler than that from the Euro- 
pean red mite, is nevertheless readily visible to the 
naked eye so that even heavy infestations of mites 
may be counted with a satisfactory degree of accu- 
racy. Both sides of the leaves are represented in the 
impressions. 

Summer eggs of the European red mite leave 
small orange-colored impressions which can be dis- 
tinguished without great difficulty from those left by 
nymphs and adults. Summer eggs of the Pacific mite 
do not leave clear impressions. 

The actual counting may be done in the field or if 
desired, in the laboratory. 

It has been found advisable to collect leaves from 
no more than two or three plots at a time in order to 
minimize the tendency of the mites to wander from 
picked samples. Furthermore fresh samples are more 
readily arranged between the paper strips, for the 
leaves begin to curl about half an hour after collee- 
tion and are then difficult to flatten without creasing. 

The rollers of the wringer should be of fairly soft 
rubber in order that mites beside the midrib and 
larger veins do not escape the pressure. The requisite 
pressure may be ascertained by experiment.—-5- 
10-40. 

E. P. Venasies and A. A. Dennys, Dominion 


Entomological Laboratory, Vernon, British Columbia. 


* Contribution No. 2016, Division of Entomology, Science 
Service, Department of Agriculture, Ottawa, Canada. 


April 1941 
The Klamath Midge 


During the past decade midges have occurred in 
epizootic numbers in the Klamath area and have 
occasioned considerable annoyance and loss to the 
residents. Concurrent with the midges, vast masses 
of algae have appeared in Upper Klamath Lake. 

Upper Klamath Lake is one of the largest bodies 
of fresh water in the United States and is located 
near the city of Klamath Falls in southern central 
Oregon. The area, geologically, is very old. The lake 
type is designated as eutrophic and is gradually fill 
ing up, with the area diminishing more slowly than 
the volume. Decreased depth has resulted in higher 
water temperatures in all seasons except winter. 

The dominant species of midge in the Klamath 
area is Chironomus utahensis. The adult midges are 
common from June until the cold weather in October 
limits their activity. This species overwinters in the 
larval stage. The eggs are imbedded in a gelatinous 
mass that terminates in a thread with an attached 
dise for adhesion to some floating matter in the 
water. The egg masses vary from 1,000 to 2,000 eggs. 
The larvae soon after hatching begin to build body 
tubes using silk spun from glands in the mouth and 
tiny bits of debris. The larval stage in the summer 
usually extends for about 20 days. The larvae feed 
upon the smaller algal filaments, diatoms, desmids, 
fragments of minute crustacea, and possibly bacteria. 

Pupation takes place within the respective tubes. 
The pupal stage lasts about 4 days. The pupae, at 
the end of this period, emerge from the tubes and 
move about in the water by a jerking motion of their 
bodies, finally rising to the surface, in preparation 
for the emergence of the adults. 

Numerous predators and parasites feed on the 
midges, both adults and larvae. The larvae form an 
important item in the diet of the Klamath chub, 
Tigoma bicolor, and the Klamath roach, Siphateles b. 
bicolor. 

Measures for the control of the midge were under- 
taken including the use of light traps and chemicals. 
Much attention was given the light traps during the 
1939 season. While they captured amazing numbers 
of insects, it is doubtful that the present type of light 
would constitute a contro! measure. A number of 
chemicals were applied to the surface of the water to 
kill ascending pupae, and others were applied by 
means of tube sprayers to the bottom to contact the 
larvae. Some of the chemicals tested approached 
laboratory expectations, particularly phenothiazine 
and crushed salt.— 2-19-41. 

D. E. and Morr, Department of 
Entomology, Oregon State College. 
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Control of the Corn Earworm 
On Broccoli 


During the fall of 1939, a very heavy infestation 
of corn earworms, Heliothis armigera (Hbn.), devel- 
oped in about 500 acres of broccoli on the Eastern 
Shore of Virginia. This broccoli had been receiving 
weekly applications of a derris dust containing 0.75 
per cent rotenone. In order to answer the grower’s 
questions as to what would be the best material to 
use in controlling this pest an experiment was con- 
ducted in one of the heavily infested fields. 

The dusts were applied with a power driven duster 
mounted on a truck which travelled at a speed of 
about five miles per hour. Applications were made 
at the rate of 20 to 25 pounds per acre with two 
nozzles per row adjusted so that the dust was di- 
rected in and down from each side of the row. Each 
dust was applied to four-row plats replicated three 
times in the form of randomized blocks. All records 
were taken on the two middle rows of each plat. The 
dusts were applicd on a calm morning while the 
plants were wet with dew. While dusting for the con- 
trol of other insects, the grower accidentally dusted 
all of the experimental plats with a derris dust con- 
taining 0.75 per cent rotenone 24 hours after the 
experimental dusts were applied. However, the derris 
dust did not have any apparent effect on the corn 
earworms or on the results of the test. 

The materials used and the results obtained are 
given in table 1. It was planned to include a suitable 
ceryolite dust in this experiment, but cryolite was not 
available locally and could not be obtained else- 
where in time to be included in this test. 


Table 1.—Results of treating broccoli for the 
control of the corn earworm as measured by the 
number of living worms remaining on 60 plants, 
72 hours after the treatments were applied. 


Per Cent Living 


MATERIALS Con- 
Usep or Each Worms TROL 
Calcium arsenate 100 15 97% 
Calcium arsenate 40 
Paris green 10 
Hydrated lime 50 68 84°) 
Calcium arsenate 50 
Hydrated lime 50 S4 81% 
Barium fluosilicate 80 
Inert 20 206 538% 
Dry Pyrocide 10 
Georgia Tale 90 243 44% 
Check — 436 
Difference required for significance 20% 
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Records were taken of the number of living worms 
found on 20 plants in each plat 72 hours after treat- 
ment. The difference required for significance was 
determined by the method described by Fisher & 
Wishart (1930). It may be noted that even though 
the results obtained with the arsenical dusts were 
not significantly different from each other they all 
gave significantly better results than did the Py- 
rocide, or barium fluosilicate dusts. 

Further examination of these plats 144 hours after 
treatment showed that there were a great many liv- 
ing earworms on the plants treated with the barium 
fluosilicate and Pyrocide dusts, but no actual counts 
were made in these plats. However, examination of 
30 plants for each of the other treatments showed 
the presence of a total of 3, 28 and 46 living worms 
on the plats treated with the calcium arsenate, cal- 
cium arsenate-paris green-lime and calcium arse- 
nate-lime dusts respectively, as compared with 193 
worms on the untreated check plats. 

As a result of this test, the grower dusted his en- 
tire crop with undiluted calcium arsenate, applied at 
the rate of about 25 pounds per acre with an aero- 
plane duster. Very good control was obtained with 
this treatment and the grower was well pleased with 
the results. From five to ten per cent of the plants 
were heading at the time this dust was applied. By 
chemical analyses of samples of harvested and 
washed heads it was found necessary to wash the 
broccoli for a period of about ten days after treat- 
ment in order to bring the arsenical residue below 
the legal tolerance. However, the length of the period 
during which it may be necessary to wash the 
broccoli to free it from an injurious arsenical residue 
might vary considerably under different weather 
conditions.—1-26-41. 

Harry G. Wacker and Lauren D. AnpdERSON, 
Virginia Truck Experiment Station, Norfolk, Va, 
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Boxelder Bug Feeding Habits 


Large numbers of boxelder bugs, Leptocoris 
trivittatus (Say), were congregated upon large ripe 
and over-ripe plums at High Creek, approximately 
six miles east of Lewiston, Utah, on September 6, 
1935. So abundant were the bugs on some fruits that 
little of the fruit surface was visible. The bugs in 
such cases were walking on and hanging in bunches 
from those actually resting on the plum. Bugs were 
equally abundant on many plums that had fallen to 
the ground, though some fruits attracted many more 
of these insects than others. Counts of bugs on four- 
teen plums still hanging on a tree, within easy reach 
of the ground (the insects in each case being shaken 
into an insect net and counted carefully), totaled 
731 boxelder bugs, or an average of approximately 
52 bugs per fruit. Some cases the bugs were abundant 
on the leaves, especially on those near more heavily 
infested fruits. 

On nearby apple trees, some of the riper apples 
and many that had fallen to the ground, were con- 
spicuously attacked by this insect. Counts from each 
of two infested apples showed 107 and 83 boxelder 
bugs present. The bugs found on plum and apple 
fruits still on the trees were all adults. Apples with 
the skin broken seemed particularly attractive. 
Both nymphs and adults were feeding upon fallen 
fruits, and both have been observed to feed upon 
ripe apples and pears still on the trees. 

There is evidence that short distance movements 
of boxelder bugs occur rather commonly. During 
each of the past several years, hundreds of thousands 
of boxelder bugs have been destroyed as they sunned 
themselves in spring and fall upon the warm side of 
buildings upon the Utah State Agricultural College 
campus at Logan. Much larger numbers have been 
destroyed than were estimated to have developed 
within the area concerned. The insecticidal control 
found most successful consisted of spraying the con- 
gregated bugs thoroughly with kerosene, to which 
(a 20 pounds to 1 gal.) pyrethum concentrate, or 
“Lethane 440° had been added at the rate of one 
part to each 300 parts kerosene. This control work 
has largely been carried on by N.Y.A. help—3-3-41. 

Georce F. Utah Agricultural Experi- 
ment Station, Logan. 


THE FLORIDA ENTOMOLOGICAL CONFERENCE 


The Sixth Annual Florida Entomological Confer- 
ence was held in Gainesville, Florida on March 26 
and 27. The Conference is sponsored annually by 
the Newell Entomological Society of the University 
of Florida. 

The 1941 Conference was in the nature of a cele- 
bration of the 25th Anniversary of the creation of the 
Florida State Plant Board. The programs featured 
the 25 year service record of Plant Commissioner 
Wilmon Newell and the three major pests which the 
Florida State Plant Board has cooperated in, or inde- 
pendently eradicated. 

On the evening of March 26, an induction cere- 
mony was held for honorary members, at which time 
41 members of the Plant Board staff and 21 workers 
in professional entomology or closely related agri- 
cultural fields were made honorary members of the 
Newell Entomological Society. 


The day of March 27 was devoted to a symposium 
on the creation, activities, and accomplishments of 
the Board. This symposium was presided over by 
Dean H. Harold Hume. Seventeen outstanding 
speakers appeared on this program. The officers of 
the Newell Entomological Society, Andrew J. 
Rogers, President; Norman C. Hayslip, Viee-presi- 
dent; Russell C. Peeples, Secretary; and Edwin C. 
Seabrook, Treasurer, served as Junior presiding 
officer. 

Thursday evening the Conference culminated in 
the annual banquet, given this year in honor of Dr. 
Lee A. Strong, Chief of the Bureau of Entomology 
and Plant Quarantine. One hundred and seventy 
attended. The guests were welcomed by Doctor John 
J. Tigert, President of the University of Florida. 
Doctor Wilmon Newell, Provost of Agriculture, gave 
the featured talk on “The Life of Lee A. Strong.” 
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Presentation of Papers 


ANOTHER winter season has passed 
and with it the annual meetings of the Par- 
ent Association and of several Branches. 
Many papers have been presented which 
were poorly organized. Often they con- 
tained much superfluous material and 
verbiage despite the suggestions and re- 
quests of program committees for careful 
preparation as well as articles and previ- 
ous editorials on this subject. In too many 
cases illustrative material projected on the 
screen was crowded with items in small 
type legible only to those in the first three 
or four rows of seats. This discussion is 
concerned principally with this latter situ- 
ation. 

Many times the speaker, glancing at his 
own illustration on the screen, remarks 
that he is afraid that those in the back of 
the room cannot read the data. Often this 
seems to express surprise or dismay. There 
are occasions when it would almost seem 
that he hardly recognized his own handi- 
work. Only one conclusion can be drawn 
from such a situation. The speaker did not 
have a preview of his slides in a room ap- 
proximating the size of that in which the 
meetings would be held. The rooms which 
are used for the sessions fit into a fairly 
uniform pattern. It should not be too dif- 
ficult for an individual who plans to pre- 
sent illustrative material to find a large 
room at the school or experiment station 
and view his material from various points 
in the room, including the extreme rear. 
If this were done, fewer apologies would 
be made from the platform during the 
presentation of a paper. 

It has been pointed out many times that 
the audience should be able to grasp, at a 
glance, the main point or comparison 
which the slide or chart illustrates. Not 
more than three or four items should be 
used and the letters, figures, or histograms 
should be large enough and distinet 
enough so that they can be easily read at 
the required distance. The point is some- 


times made that the tabular material can- 
not be condensed. Careful consideration 
will usually show that three or four repre- 
sentative items may be selected which will 
illustrate the essential point. Complete 
data can be studied when the paper is 
published or those who are directly inter- 
ested can usually discuss the entire sub- 
ject with the speaker after the program. 

If the reader will recall those papers 
which have been presented at recent meet- 
ings by speakers who used illustrative 
material prepared in the manner which 
has been described, he will remember that 
the entire presentation of the subject was 
usually concise and well organized. This 
would lead to the conclusion that the 
thought and tite which was expended to 
organize the illustrative material served 
to clarify in the writer’s own mind the 
essential points which he wished to con- 
vey. The time which is spent in selecting 
the data for slides or charts will usually 
be more than gained when the manuscript 
is prepared. Data are assembled before 
the paper is written, at least that should 
be the procedure. If this is carried a step 
further and the illustrative material which 
will be used at the meetings is also selected 
before the paper is written, the result 
should not only be an excellent manu- 
script but also a clear, concise presenta- 
tion of the subject to the audience. 

Disraeli once said “It is easier to criti- 
cise than to be correct.’’ However, the 
writer believes it is a correct statement 
that if the above suggestions were fol- 
lowed, the program sessions at the various 
entomological meetings would be more 
profitable and enjoyable. Certainly, there 
would be less necessity for the chairman 
to watch the clock and he would usually 
be spared the embarrasment of stopping 
the speaker before the presentation of the 
subject was completed.—3-18-41. 


J. L. 
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OBITUARY 
Thomas Henrp Jones, 1885-1941 


On February 22, 1941, a far too short but rich and 
helpful life came suddenly to a close. 

Thomas Henry Jones, senior entomologist, of the 
United States Department of Agriculture, Bureau of 
Entomology and Plant Quarantine, was born at 


Thomas Henry Jones 


Pawtucket, R. L., on September 25, 1885. During his 
early childhood his parents, Bertha A. and the late 
Robert P. Jones, moved to a farm in Easton, Mass. 
His education began in the local schools and he was 
graduated from the Easton High School. He entered 
Massachusetts Agricultural College (now Massachu- 
setts State College) in 1904 and was graduated with 
the degree of B.S. in 1908. His major subject was 
entomology, in which he received instruction at the 
hands of the two well-known and able teachers 
Henry T. Fernald and the late C. H. Fernald. His 
scholarly attainments as a result of close application 
to the study of entomology and related sciences won 
for him membership in the honorary Phi Kappa Phi 
fraternity. On July 17, 1929, he married Katherine 
H. Awlward of Boston, Mass. 

He was first appointed to the Bureau of Ento- 
mology on June 1, 1909, being assigned to work in 


the Division of Truck Crop and Stored Product In- 
sects under the direction of the late F. H. Chitten- 
den. He worked on the biology of truck crop insects 
and their control until 1911, when he accepted a posi- 
tion with the Puerto Rico Sugar Producers’ Experi- 
ment Station and later with the Insular Experiment 
Station, with which institutions he remained until 
1914. During this period his studies were principally 
in connection with insects affecting sugarcane. The 
publications that covered his work while he was sta- 
tioned in Puerto Rico were concerned mainly with 
insects affecting that major crop. 

Mr. Jones returned to the Bureau of Entomology 
in 1914 to resume work in the Division of Truck 
Crop and Stored Product Insects, where he remained 
until 1920. During part of this period he was sta- 
tioned in Louisiana. He later accepted the position 
of station entomologist at the Louisiana Agricultural 
Experiment Station, with which he was connected 
until 1924. While in Louisiana he became well ac- 
quainted with the insects of economic importance in 
that State. When he was station entomologist there 
his miscellaneous publications on insects affecting 
truck and field crops began to appear, and he also 
became interested in and published his observations 
on the Tabanidae. Also during the same period 
there were published Bureau of Entomology bulle- 
tins covering his earlier investigations on insects 
affecting truck crops. 

He again returned to the Bureau of Entomology 
in 1924, being assigned to the gypsy moth laboratory 
at Melrose Highlands, Mass. (which later became 
known as the forest insect laboratory of the Division 
of Forest Insect Investigations! for work on the 
natural enemies of the gypsy moth, browntail moth, 
and satin moth. His work consisted of biological in- 
vestigations on some of the tachinid parasites and 
especially investigations on the ecology of the para- 
sites in their relation to the fluctuations in abun- 
dance of the host insects. In April 1935 he was trans- 
ferred to the Bureau's forest insect laboratory at 
Morristown, N. J., to work on insect carriers of the 
Dutch elm disease fungus. There he was engaged in 
biological investigations and control of elm insects. 
Some of his recent work in these fields has appeared 
in publication. 

He was a member of the American Association of 
Economie Entomologists and the Entomological 
Society of Washington. 

Mr. Jones devoted almost 32 years of his life to 
entomological research; 7 of these were spent in 
Puerto Rico and Louisiana and 25 with the Federal 
Government. He was a genuine individual, of sterling 
character, admired and esteemed by all his associ- 
ates. We pay tribute to him as a devoted student 
and practical worker in entomology. All who knew 
him have lost a sincere and greatly respected friend. 

He is survived by his wife, Katherine HL., his 
mother, Bertha A., and his brother, Robert L. 
Jones—4-9-41. 

C. W. Cours 
R. T. Weeser 
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REVIEWS 


Embryology of Insects and Myriapods, by Oskar 
A. Johannsen, and Ferdinand Butt: McGraw-Hill 
Book Company, New York and London, 462 p. 
370 figs., bibl. 1941. 


At least there has been published a practical, 
usable, up to date text book and reference book on 
insect embryology in English and better still by com- 
petent teachers of the subject in the United States! 
There is probably no phase of EnromoLoGy about 
which graduate students know less than the subject 
matter of this text. The publication of a text in this 
field is therefore an event of consequence. 

The authors have divided their book into two 
parts. Part 1 covers necessary introductory matter, 
definitions of terms and a broad, simplified, general 
account of the embryological development of insects, 
including a comparative study of tissues and or- 
gans. Part 2, consists of brief accounts of special 
features of representative insects in all of the orders 
and of three classes of the Myriapoda. 

The outstanding feature of this book is the ex- 
cellent, clear cut illustrations, all of which are in a 
uniform style. Such illustrations are particularly use- 
ful and necessary in a text book on embryology. 
Author-date bibliographies at the end of chapters 
arranged under orders refer to references in 36 
pages of bibliography at the end of the book. 

The reviewer liked the idea of chapter two par- 
ticularly in which is presented briefly a generalized 
story of the embryological development of insects. 
The student after reading this chapter will less 
likely be lost in the detailed discussion of the in- 
tricate processes described in later chapters. Peda- 
gogically the idea is sound. 

No doubt many readers will be interested in see- 
ing how the authors disposed of mooted points 
such as, the origin of the mid-gut epithelium and 
will be pleased to find here the best single exposi- 
tion of the recorded view points on the subject yet 
presented. 

The chapter on “Polyembryony and Partheno- 
genesis” gives the first adequate text book account 
in English suitable for class discussion or a student 
report. The following chapter on “Experimental 
Embryology” includes some points that may be 
new to professional entomologists. 

The developmental pattern common to most or 
all insects is not repeated in the discussion of special 
features of representatives of the orders. Conse- 
quently the embryological story of most of the in- 
sects included consists of the general features de- 
scribed in Part 1 plus the special features given un- 
der the order. This is a wise provision to keep the 
book to text book size. 

This book is the type that many teachers and 
research men will and should buy. It will be useful 
throughout the life-time of the present generation 
since additions in this field come slowly and are not 
likely to be revolutionary. The publishers are to be 
congratulated for accepting an increasing number 
of manuscripts of the type which pay out slowly and 
may never reach beginning text book sales. This 
text is a worthy companion of Snodgrass’ Anatomy 
and Physiology of the Honey Bee and his Principles 
of Insect Morphology. It is printed and bound in the 
same acceptable manner. 

Rocer C. Surru. Manhattan Kansas. 


A Survey of Insecticide Materials of Vegetable 
Origin, edited by H. J. Holman of the Plant 
and Animal Products Department, Imperial 
Institute, London, S. W. 7, England; 1940. 155 pp. 
London, Price, 3/6 net. Issued under the Auspices 
of the Consultative Committee on Insecticide 
Materials of Vegetable Origin. 


For some time the Consultative Committee on 
Insecticide Materials of Vegetable Origin, of the 
Imperial Institute of Great Britain, has been issuing 
quarterly mimeographed bibliographies on tobacco, 
derris, Lonchocarpus, pyrethrum and other plants 
used as insecticides. These bibliographies, which are 
also published in the Bulletin of the Imperial Insti- 
tute, have proved very useful to entomologists and 
chemists interested in the control of destructive in- 
sects by chemical means. Information as to the 
sources of these materials and their production and 
trade is not readily available, and this Committee 
considered that the time had come when a survey 
of the current position might usefully be made for the 
benefit of actual and potential producers as well as 
buyers and users. 

This survey presents information on: nicotine, 
anabasine, hellebore, other alkaloids having in- 
secticidal action, the rotenone-containing plants 
Derris, Lonchocarpus, Tephrosia and Mundulea; 
Pyrethrum, Quassia, and plants oils, both essential 
and fatty. Other insecticidal plants are mentioned 
briefly. A total of $72 references to the literature are 
cited, and the structural formulas of rotenone and 
related compounds, nicotine, anabasine, and py- 
rethrins | and II are given in an appendix. The plan 
of the work is shown by the treatment of nicotine, 
under which heading the following subjects are dis- 
cussed: Sources, cultivation of Nicotiana rustica, 
chemistry of nicotine, physiological action of nico- 
tine on insects, on man and animals, and on plants, 
pest control with nicotine, forms in which used, 
world production, trade and consumption 1934- 
1938. The treatment of each topic is necessarily brief 
(17 pages for nicotine), but much of the statistical 
information has never before been published and is 
especially valuable. 

This monograph was prepared by a committee 
which included the foremost British insecticide 
chemists, such as Tattersfield and Harper, of the 
Rothamsted Experimental Station; Beckley of 
Kenya Colony; Worsley, of the East African Agri- 
cultural Research Station; and others connected 
with Imperial Chemical Industries Ltd., Plant Pro- 
tection Ltd., and the British Nicotine Company 
Ltd. F. N. Howes, of the Royal Botanic Gardens, 
Kew, contributed information on the botanical 
sources of the more important materials and several 
others also collaborated. 

The contributions of these experts have been skill- 
fully fused by the editor, and the result is an emi- 
nently readable and authoritative account of the 
subjects of which it treats. The reviewer warmly 
recommends this work to everyone interested in in- 
secticides. 

R. C. Roark, Bureau of Entomology and Plant 
Quarantine, U.S. Department of Agriculture, Wash- 
ington, D.C. 
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Plant Galls and Gall Makers. Ephraim Porter 
Felt, pp. viii+364. 344 figures, 41 plates. Com- 
stock Publishing Co., 1940. 


As the author states in the preface, this is an ex- 
tensive revision, containing much new material, of 
his “Key to American Insect Galls,” published in 
1917. The first part of the present volume, compris- 
ing 33 pages, contains a general discussion of plant 
galls and the insects and mites which cause them, 
including such subjects as the principal gall makers, 
injurious gall insects, galls of value, the production 
of galls, the biology of gall makers, host plant rela- 
tions, etc. The second part contains the keys to plant 
galls arranged according to plant families, with a 
general introduction to each group. 

Galls constitute one of the most interesting phe- 
nomena of the relations of animals to their host 
plants. Not the least puzzling factor in the insect- 
gall relationship is the diversity in form of galls 
caused by different species and the uniformity of 
galls caused by individuals within a species. There 
are, according to Felt, over 2,000 American insect 
galls, 805 of these caused by cynipid wasps and 
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nearly 700 by gall midges. On oaks alone there are 
more than 700 different cynipid galls. Yet it is very 
difficult precisely to define a gall, and some of the 
insect species mentioned in this work are question- 
ably “gall makers.” 

The author has written without excessive techni. 
cality and has produced a book not only indispensa- 
ble in its field but of value to the student of natural 
history. A more detailed description of the histology 
of representative galls and of the types of insects and 
mites which cause them would be a welcome addi- 
tion to the general part of the text. The keys begin 
with a root gall on bladder fern (Polypodiaceae) and 
end with a root gall on cockle burr (Compositae). A 
wealth of illustration more than compensates for 
brevity of descriptive text. It is perhaps unfortunate 
that no mention is made of nematodes, but this 
hardly warrants criticism. The bibliography is lim- 
ited to the more important American works which 
have appeared since 1917. Having to answer in- 
numerable queries about the cause of abnormalities 
in plants, we find this one of our most useful books. 


Rocer B. Frrexp 


SUMMER SYMPOSIUM AT DurHamM, New Hampsuire 


Further plans have been worked out for the Sym- 
posium which will be held in connection with the 
summer meeting of the American Association for the 
Advancement of Science, at the University of New 
Hampshire, June 25 and 26. 


The meetings will be held on the campus of the 
University of New Hampshire. The University is in 
Durham, sixty-two miles from Boston, on a trunk 
line of the Boston & Maine Railroad. 


University dormitories will be available at a fixed 
charge of $1.00 a night per person. Dormitories are 
modern and are situated on the campus. Many 
hotels are within a short driving distance of the 
campus. A considerable number of these are situated 
on the ocean front, which is fifteen to twenty miles 
from the campus, over good roads. 

Requests for reservations in university dormi- 
tories should be addressed to R. ©. Magrath, 
Treasurer, Durham, N. H. Special dormitory space 
will be set aside for men who come with their 
families. 

The university has extensive facilities for serving 
meals. Its cafeteria and dining-halls are situated in 
the University Commons, which is adjacent to other 
university buildings, including the dormitories. 


Space for exhibits will be available in one of the 
university buildings. Correspondence with reference 
to exhibits should be addressed to, W. C. O'Kane, 
Nesmith Hall, Durham, New Hampshire. 


There will be a public lecture each evening, Mon- 
day, Tuesday, and Wednesday. Each lecture will 
be of general interest and will be given by a nation- 
ally-known authority. 


Publication 
The symposium will be published in book form 
and will be available to entomologists and others. 
The book will include the various papers prepared 
especially for the symposium, together with addi- 
tional articles developed in the course of discussion. 


Program 
Symposium in Entomology 
LABORATORY PROCEDURES IN STUDIES OF 

THR CHEMICAL CONTROL OF INSECTS 

1. Introduction, W. C. O'Kane, Durham, New 
Hampshire. Morning, June 25. 

SECTION I-—-REARING TEST INSECTS 
Morning, June 25 

2. Plant Feeding Insects. Leader, H. A. Waters, 
Ohio State University, Columbus. 

3. Stored Products Insects. Leader, H. H. Suep- 
arb, University Farm, St. Paul, Minn. 

4. Insects Affecting Man and Animals. Leader, F. 
L. Campse yt, Dept. of Zoology and Entomol- 
ogy, Ohio State Uuirersity, Columbus, Ohio. 

SECTION IT—LABORATORY TEST METHODS 
Afternoon, June 25 
5. Stomach Insecticides. Leader, Roy Hansperry, 
Cornell University, Ithaca, N.Y. 
. Contact Insecticides, including Ovicides. Leader, 
C. H. Ricnarpson, Science Bldg., lowa State 
College, Ames. 


[--) 


Morning, June 26 

7. Fumigants. Leader, R. T. Cortox, Bureau of 
Entomology & Plant Quarantine, Manhattan, 
Kansas. 

. Aerosols (smoke). Leaders, L. D. Goopuve and 
W. N. Suttivan, Bureau of Entomology & 
Plant Quarantine, Beltsville, Md. 

Afternoon, June 26 

9. Fabric Protectors (mothproofing agents). Leader, 
F. W. FLercuer, Dow Chemical Co., Midland, 
Mich. 

10. Attractants and Repellents. Leader, V. G. 
Dernier, John Carrol University, Cleveland, 
Ohio. 

11. Termite Soil Poisons. Leader, W. E. McC av ey, 
Natural History Survey Division, Urbana, Ill. 

W. C. O' KANE 


x 


PROCEEDINGS OF THE TWELFTH ANNUAL MEETING 


EASTERN BRANCH, AMERICAN ASSOCIATION OF 
ECONOMIC ENTOMOLOGISTS 


The President Hotel, Atlantic City, New Jersey 
November 14 and 15, 1940 


Chairman W. H. White called the meet- 
ing to order and presided over the sessions 
until the new chairman, J. L. Horsfall, 
was elected. The program contained 42 
titles and in addition there was a round 
table discussion on the afternoon of No- 
vember 14, involving laboratory procedure, 
field plot technique, sampling, evalua- 
tion of results by insect mortality, survival, 
crop losses, ete., and results as expressed 
as per cent. This round table discussion, 
which was continued during the evening 
of November 14, was led through its vari- 
ous phases by H. G. Guy, W. S. Hough, 
H. N. Worthley, L. B. Reed, B. B. 


R. B. Friend, F. W. Poos and A. E. 
Brandt. 
Mr. S. A. Rohwer reported that the 


Bureau of Entomology and Plant Quaran- 
tine was reviewing the literature upon the 
control of insects and rewriting such ac- 
counts that would take care of situations 
arising in connection with national de- 
fense. Publication of this material will be 
in a style adapted to persons who will 
utilize it. 

The Chairman, W. H. White, appointed 

the following committees: 

Nominations: F. H. Laturop, Chair- 
man, NeeLty Turner, B. B. Pep- 
PER. 

Auditing: F. Poos, 
GroRGE S. LANGFORD. 

Resolutions: H. W. Wortuiey, Chair- 
man, J. L. King, M. D. Leonarn, 
F. M. Waptey. 

Special Committee to consider W. C. 
Kane's suggestion that the Eastern 
Branch join with other entomologists 
in a summer meeting at Durham, 
N. H., June 23-27, 1941, at which 
time the A. A. A.S. will hold its sum- 
mer meeting: C. C. Hamilton, W. C. 
O'Kane, C. W. Collins, F. H. Lath- 


rop. 


Chairman, 


Harry S. Smith, President of the Ameri- 
can Association of Economic Entomolo- 
gists, expressed, in a telegram to the 
Branch, regret at his inability to attend, 
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and his best wishes for a successful meet- 
ing. 

During the first business session, Dr. 
C. C. Hamilton was presented with an in- 
scribed gold watch and chain, as a mark of 
appreciation for the services he has con- 
tributed to the Branch especially in con- 
nection with his capable editorship of 
Entoma. The presentation was ably made 
by Dr. T. J. Headlee. 

The Secretary-Treasurer, before pre- 
senting his financial report, commented 
upon the membership, from various states 
in the Eastern Branch territory, which 
was holding up in a satisfactory manner, 
and also upon the continuing interest in 
and support of the Branch by its members 
and guests. 

For the record, he stated that the sec- 
ond, or 1939 award of the Eastern Branch 
for notable contribution to the science of 
economic entomology was made to Raimon 
L. Beard, Connecticut Agricultural Ex- 
periment Station, for his paper “Parasitic 
Castration of Anasa tristis DeG. by Trich- 
opoda pennipes Fab., and Its Effect on 
Reproduction,” published in the JouRNAL 
for April, 1940, and that forty members 
and guests had attended a summer meet- 
ing at the Nature Study Camp of the 
Pennsylvania State College, on August 1, 
2 and 3, 1940, and had appeared to enjoy 
it. The success of this outing was due to 
Dr. H. N. Worthley and his colleagues at 
State College. 


REPORT OF THE SECRETARY-TREASURER 


The following were elected to affiliated 
membership: 

R. L. Mentzer, Newark, Del. 

W. W. Fassig, Newark, Del. 

W. A. Connell, Newark, Del. 

Arthur H. Buddington, College Park, 

Md. 

The reports of the following commit- 
tees, appointed by the Chairman, previous 
to and at the November, 1940 meeting, 
and the report of the Secretary-Treasurer 
were all adopted by the Branch. 
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FINANCIAL STATEMENT 


Balance on hand, November 10, 1939 #2 897.43 


Receipts 

Additional Dues for 1939 and previous 

years * 166.00 
Dues for 1940 to November 7, 1940 70.00 
Advertising in 50.00 
For excess pages in 1939 Proceedings $8.00 
Interest on Savings Account 13.18 

Total Receipts S47.13 3,244.56 


Disbursements 


Lantern and operator, New York 1939 


meeting 2 50.20 
Payment to Secretary-Treasurer, 1939 200.00 
Clerical Services 

Eastern Branch 23.75 

ENTOMA 4.70 
Postage—Eastern Branch 47.12 
Printing 

Programs, 1939 meeting 21.50 

In connection with Entroma 15.75 

1939 Proceedings 573.30 
Stationery, Eastern Branch 9.75 
Expenses of Secretary 6.65 
Annual award and engraving 77.25 
Expenses incidental to Summer Meeting 87 

Total Disbursements 21,038 84 


Balance on hand, November 7, 1940 2,205.72 
Distributed as follows: 
Savings Account No. 17424, Trenton 
Trust Co. #1533. 64 
Checking Account, Trenton Trust Co. 672.08 


82,205.72 


Harry B. Wetss, 


Secretary-Treasurer 


Report oF THE FINANCE COMMITTEE 
November 1, 1939 to October 31, 1940 


The duties of the Finance Committee have not 
been so arduous during this year as during the year 
1938-1939 since it was not necessary to spend time 
on revising ENtoma. Plans are under way, however, 
for getting out the fourth edition which we hope 
will be available for distribution some time in the 
spring or early summer of 1941. Several new features 
will be included in the fourth edition of Entroma. 
The Committee will be glad to receive suggestions 
from anyone regarding methods for improving 
Entoma and making it more useful. 

A financial statement by the Chairman of the 
Finance Committee is appended herewith. 


FINANCIAL STATEMENT OF ENTOMA 
November 1, 1939 to October 31, 1940 


Balance November 1, 1939. . # 39.95 


Receipts 

Sales of Extoma, (various editions) #128.25 

Advertisements and listings in 3rd Edition 162.75 
Total Receipts. ... £291.00 330.95 

Disbursements 

Forwarded to Secretary-Treasurer # 50.00 

Postage 25.75 

Telephone 30 

Bank commissions... 60 

Total Disbursements 76.65 
Balance on hand, November 12, 1940 254.30 

Bills collectible, Nov. 12, 1940 # 63.50 


Neevy 

J. L. Horsrau. 

R. C. Roark 

H. B. Weiss 

H.N. Wortuiey 

C.C. Chairman 


November 15, 19450. 


JOURNAL OF Economic ENTOMOLOGY Vol. 34, No, 2 


Report oF ComMMITTEE ON MEMBERSHIP 
AND Dues 


At the last regular meeting held in November, 
1939 the following resolution was passed: 

“Resolred, That a special committee be appointed 
by the Chairman to consist of not less than three 
members, to give full and careful consideration to 
the present requirement as to annual dues and 
membership classification, and to present a report 
at the next annual meeting: with such recommenda- 
tions as such Committee may deem appropriate. In 
its consideration of these matters the said Com- 
mittee is authorized to consult the membership of the 
Eastern Branch and other branches as well as the 
American Association of Economic Entomologists.” 

In accordance with the prevision of this resolu- 
tion the following committee was appointed: Dr. 
B. A. Porter of the Bureau of Entomology and Plant 
Quarantine, Dr. William Moore of the American 
Cyanamid & Chemical Company and Dr. Thomas J. 
Headlee of Rutgers University. Dr. William Moore 
was unable to serve and in his place President White 
appointed Dr. L. M. Peairs of West Virginia Uni- 
versity. These committee appointments were made 
in August, 1940. 

The Articles of Agreement governing the Eastern 
Branch of the American Association of Economic 
Entomologists provides in Article 7 that: “All pro- 
posed alterations or amendments to this agreement 
shall be referred to a committee of three at a regular 
meeting and must be approved by the executive 
committee of the American Association of Economic 
Entomologists. After a report has been made by the 
committee, the alterations or amendments may be 
adopted by a two-thirds vote of the members present; 
provided, that a written notice of the proposed 
changes has been sent to every member of the 
Branch at least one month prior to the date of 
action.” 

Under the terms of this article, it seems incum- 
bent on the membership of this committee to present 
to the Eastern Branch, at its regular meeting, such 
changes in membership classification and dues as it, 
after study, deems desirable. These recommenda- 
tions can be accepted, modified or eliminated. When 
the Branch has finished its consideration of this 
committee report it should have decided that there 
shall be no change or approve a definite statement on 
just what changes are desired. If it turns out that 
changes are desired the chairman should appoint at 
the regular meeting in November, 1940 a committee 
of three whose duty it will then be to carry these 
proposed changes before the Executive Committee 
of the American Association or Economic En- 
TOMOLOGISTS and to secure from this committee defi- 
nite action on the proposition. It will then become 
the duty of this committee to arrange for the making 
of a report at the next regular meeting of the Eastern 
Branch and at this meeting the proposals as ac- 
cepted or modified and accepted by the Executive 
Committee of the American Assoctation or Eco- 
vomic can be adopted by a two- 
thirds vote of the members present, provided, of 
course, that this committee has caused to be dis- 
tributed to the membership of the Eastern Branch at 
least one month prior to the date of the 1941 meeting 
a notification of the proposed changes. 

Your committee appointed by President White 
wishes to make the following recommendations: 

1. That the sentence in Article 4 of the Articles 
of Agreement reading as follows, “Affiliated mem- 
bers shall have the same privileges and be subject to 


* 


April 1941 


the same dues as members but shall not hold office” 
be changed to read as follows: * Affiliated members 
shall have the same privileges but shall not vote nor 
hold office.” 

2. That in Article 8 the sentence reading, “The 
annual dues of all members shall be $2.00 payable 
in advance and shall not include subscription to the 
JournaL or Economic be changed 
to read, “The annual dues of all members shall 
be $2.00, except affiliated members, whose dues 
shall be $1.00, payable in advance and shall not 
include subscriptions to the JourNAL or Economic 

B. A. Porter 

L. M. Pears 

T. J. Chairman 
November 1, 1940 


Report or AUDITING COMMITTEE 


We have examined the financial statement and 
books of Harry B. Weiss, Secretary-Treasurer of the 
Eastern Branch of the American AssociaTION oF 
Economic Extomovocists for the year 1940, and 
find them correct. 

Gero. S. LANGFORD, 
F. W. Poos, Chairman 
November 15, 1940 


REPORT OF THE COMMITTEE ON A SUMMER 
Meetine at Duruam, N. H. in 1941 


Resolved that the Eastern Branch of the Amert- 
CAN AssoctaTion OF Economic ENTOMOLOGISTS en- 
dorse the idea of a summer meeting of entomologists 
and advise the parent association that we will forego 
a summer meeting and join with them in accepting 
the invitation of the A.A.A-S. in holding a summer 
meeting at Durham, N. H. 

W.C. O'KaANE 
C. W. Couuns 
Latrurop 
C. Chairman 


Report or ComMMItTTEE ON RESOLUTIONS 


Wuereas, It is highly important to further in 
every way possible scientific and cultural coopera- 
tion throughout all the American Republics and 

Wuereas, The holding of an International Con- 
gress of Entomology will obviously be impossible in 
1941 and for an indefinite period of time to come 
and 

Wuereas, ENtomovocy in its various phases is of 
scientific value and is essential to the economical 
production of crops and to the public health in all 
the Americas, therefore 

Be It Resolved, That the Eastern Branch of the 
American Association or Economic Entomo.o- 
GISTS go on record as heartily endorsing the calling 
of an Inter-American Congress of Entomology at the 
earhest possible time. It is recommended that this 
be set if possible not later than the early fall of 1941 
and that the meeting place be Washington, D. C, 

Be It Further Resolved, That the Secretary of the 
Branch forward copies of this resolution to the 
President and to the members of the Executive 
Committee of the American Association or Eco- 
nomic Extomovogcists and of the Entomological 
Society of America, with the suggestion that a joint 
committee be appointed by the two entomological 
societies to meet at the Philadelphia meetings in 
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December to report on ways and means of ex- 
pediting such a Congress. 

It is further suggested that such a committee be 
set up at the earliest possible moment and that at 
least one of its members be located in Washington in 
order to facilitate contact with the Pan American 
Union and the State Department, whose assistance 
it is felt would be invaluable in the initiation and 
carrying out of such a program. 

Resolved, That the Secretary be instructed to ex- 
press our appreciation to the management of the 
President Hotel for the excellent accommodations 
provided for this meeting, and for the courteous 
service rendered by the members of its staff. 

Resolved, That the Secretary be instructed to ex- 
tend to Dr. A. E. Brandt the thanks of the Branch 
for his valuable contribution to the round table dis- 
cussion of experimental methods. 

Wuereas, It is highly desirable that the nation 
utilize to the fullest extent the special knowledge of 
the economic entomologist applicable to the national 
defense, and 

Wuereas, It is recognized that temporary mili- 
tary structures and large concentrations of food- 
stuffs and fabrics under unused storage conditions 
will be especially subject to insect attack, and 

Whereas, Particular care must be taken to 
protect our staple crops from destruction by insects, 
and 

Wuereas, The menace of insects affecting the 
public health will be intensified by conditions ac- 
companying the mobilization of large bodies of 
troops, therefore 

Be It Resolved, That the Chairman of the Eastern 
Branch communicate immediately with the Presi- 
dent of the parent association to suggest the ap- 
pointment of a special committee to discuss with the 
National Defense Council ways and means of pro- 
moting the cooperation of entomologists in the 
national defense program. 

J. L. Kina 

M. D. Leonarp 

F. M. 

H. N. Wortuiey, Chairman 


REPORT OF THE COMMITTEE ON 
NOMINATIONS 


For Chairman, J. L. Horsrau 
For Vice-Chairman, W. 5. Houcu 
For Secretary-Treasurer (for 3 years), Harry B. 
WeElIss 
Nee._y TurRNER 
B. B. Peprer 
F. H. Laruror, Chairman 


The following members and guests registered dur- 
ing the meetings: 


Abramitis, Walter 
Amos, J. M. 
Anderson, Lauren D. 
Arnold, R. B. 
Badertscher, A. Edison 
Beckwith, Charles 
Beinhart, E. G. 
Bickley, William FE. 
Bliss, C. 

Bobb, M. L. 

Brandt, A. E. 
Buchholz, A. B. 


Buddington, Arthur R. 
Carman, Glenn E. 
Chapman, Paul J. 
Clark, Charles A. 
Collins, C. W. 
Collins, Donald L. 
Collins, J. G. 
Conklin, J. G. 
Connell, W. A. 
Connola, Donald P. 
Craig, F. Waldo 
Daniel, D. M. 
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Dietz, Harry F. 
Ditman, L. P. 
Driggers, Byrley F. 
Dutky, Samson R. 
Eastman, P. M. 
Evans, J. A. 
Ewart, William H. 
Faxon, Richard 
Fay, Richard W. 
Fellton, Herman L. 
Felt, E. P. 


Ferguson, William C. 


Filmer, Robert 5. 
French, G. T. 
Garrett, J. R. 
Gambrell, F. L. 
Gemmell, Louis G. 
Ginsburg, J. M. 
Goulding, C. 5. 
Graham, C. 
Granett, Philip 
Guerry, M. C. 
Guy, H. G. 
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Hadley, C. H. 


Hamilton, Clyde C. 


Hamilton, Donald W. 


Hansberry, Roy 
Hansens, Elton J. 
Harris, C. S. 
Hartzell, Albert 
Haude, William J. 
Headlee, T. J. 
Heal, R. E. 


Hervey, George E. R. 


Hetrick, L. A. 
Hough, W. 
James, W. 5S. 
Jaynes, H. A. 
Johnson, J. Peter 
Kelsheimer, E. G. 
King, J. L. 
Kisliuk, Max, Jr. 
Krombein, Karl V. 
Langford, Geo. 5. 
Lathrop, Frank H. 
Leiby, R. W. 


Guyton, Thomas L. Leonard, M. D. 


Long, John C. 
Lord, A. M. 
MacCreary, Donald 
Maugham, F. B. 
McConnell, H. 5. 
Menusan, H., Jr. 
Merrill, James D. 
Mitchell, Robert T. 
Morrill, Austin W., Jr. 
Mulhern, Thomas D. 
Mundinger, F. G. 
Nash, kK. B. 
Nelson, Franklin C. 
O'Kane, W. 
Palm, Charles E. 
Peairs, L. M. 
Pearce, George W. 
Pepper, Bailey B. 
Pierpont, Roger L. 
Poos, F. W. 

Rex, Edgar G. 
Richmond, E. A. 
Rohwer, S. A. 
Roney, J. N. 
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Schoene, W. J. 
Smith, Ed. H. 
Soraci, Frank A, 
Stearns, L. A. 
Steiner, Harold M. 
ter Horst, W. P. 
Turner, Neely 
Van Dine, D. L. 
Walker, G. L. 
Walker, Harry G. 
Webber, Ray T. 
Weiss, Harry B. 
Whall, Harry H. 
White, Ralph T. 
White, Richard O. 
White, W. H. 
Whitman, R. C. 
Whittington, F. B. 
Willey, C. R. 
Wolfenbarger, D. O. 
Worthley, HN. 
Zappe, M. P. 


FIFTEENTH ANNUAL WESTERN COOPERATIVE SPRAY CONFERENCE 


The fifteenth annual conference of the Western 
Cooperative Spray Project was held at Seattle, 
Wash. on February 13 and 14. This conference in- 
cludes entomologists, chemists, horticulturists and 
plant pathologists engaged in research and extension 
work on orchard spraying problems in the West, and 
the project is an official one. 

All of the first day was taken up with discussions 
of research work on dormant sprays, fungicides, 
codling moth, red spider, filbert worm and pear 
thrips sprays, and on the program for the eradica- 
tion of the pear psylla in Washington and Idaho. 
A very interesting discussion centered around the 
differences in the various brands and types of lead 
arsenate, and also around the difficulty of ade- 
quately controlling fruit tree mites. 

This group annually issues suggestions for the use 
of orchard sprays, and most of the second morning 
was taken up in revising these suggestions. A sug- 
gested program of research work was also revised. 

As is the custom, the group adjourned at noon to 
meet for luncheon with representatives of insec- 
ticide companies and field men of growers’ organiza- 
tions. Following luncheon, a joint meeting was held 
which was presided over by E. T. Doyle, of the 
Tobacco Byproducts and Chemical Corporation. 
There was an attendance of 81, at this joint meeting. 


E. J. Newcomer, of Yakima, Wash., was chair- 
man of the conference and F. L. Overley, of Wenat- 
chee, Wash., was the secretary. 

The following members of the Spray Project were 


in attendance: 


California— 
A. D. Borden 


Idaho— 
E. C. Blodgett 


Oregon— 
Leroy Childs 
L. G. Gentner 
C. E. Owens 
R. H. Robinson 
B. G. Thompson 
Ss. M. Zeller 


Utah— 
G. F. Knowlton 


Washington— 
Dean E. C. Johnson 
E. P. Breakey 
Leo Campbell 


D. J. Crowley 

R. D. Eichmann 
Herman Fallscheer 
G. A. Huber 

W. J. O'Neill 

E. L. Overholser 
F. L. Overley 

L. G. Smith 

J.C. Snyder 

R. L. Webster 


U.S. Department of Ag- 
riculture 
C.C. Alexander 
C.C. Cassil 
James F. Cooper 
F. P. Dean 
s. M. Dohanian 
E. J. Newcomer 
A. L. Ryall 


Edwin Smith 


Paciric Stope Brancu MEETINGS, JUNE 18, 19, 20, 1941. 


The Annual meetings of the Pacific Slope 
Branch of the American Association of Economic 
Entomologists will be held in Pasadena, Cali- 
fornia. The dates are June 18, 19 and 20 and the 
headquarters will be at The California Institute 
of Technology. 

The Pacific Coast Entomological Society, the Cali- 
fornia Entomological Club and the Entomological 
Club of Southern California will all participate in the 
meetings and the programs. 


Plans for the program contemplate a symposium 
on Petroleum Oil Sprays and discussions of Rotenone 
and Rotenoids; Forest Insect Problems of the West; 
Vegetable Insect Problems of the Southwest; and 
Commodity Treatments as they Affect the Problems 
of Plant Quarantines. A Panel Discussion or “Quiz 
Program” on Problems of Insect Taxonomy will also 
be a feature of the program. Dr. A. M. Boyce is 
Chairman of the Branch. Entomologists from all see- 
tions are assured a cordial welcome. 


